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AN EXPANDABLE TUBULAR SYSTEM 
Background of the Invention 

This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing and systems used to expand tubing. 
5 Conventionally^ when a wellbore is created, a niunber of casings are installed 

in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole interval is lowered tfarou^ a previously installed 

10 casing of an upper borehole interval. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, die casings are in a nested arrangement with casing diameters deceasing in 
downward direction. Cement annuli are provided between the outer surfaces of the 
casings and the borehole wall to seal the casings from the borehole wall. As a 

15 consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
rig time is involved due to required cement punning, cement hardening, required 

20 equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large volume of cuttings drilled and removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed that 
typically includes a surface casing, a number of production and/or drilling spools, 
valving, and a Christmas tree. Typically the wellhead fiurther includes a concentric 

25 arrangemCTt of casmgs including a production casing and one or more intermediate 
casings. The casings are typically siqiported using load bearing slips positioned 
above the ground. The conventicmal design and construction of wellheads is 
expensive and complex. 

Conventionally, a wellbore casing cannot be formed during die drilling of a 

30 wellbore. Typically, die wellbore is drilled and then a wellbore casing is formed in 
the newly drilled section of tfie wellbore. This delays the completion of a well. 



The present invention is directed to overcoming one or more of the limitations 
of the existing procedures for forming wellbores and wellheads. 



Summary Of The Invention 

5 According to an aspect of the present invention, there is provided apparatus 

comprising a tubular member, the tubular member comprising: 
an annular member, including: 
a wall fliickness that varies less than 8 %; 
a hoop yield strength that varies less than 10%; 
1 0 imperfections of less than 8 % of flie wall thickness; 

no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular member for radial expansions of up to 

25%. 

According to another aspect of the present invention there is provided 
15 apparatus comprising a weUbore casing the weUbore casing comprising: 
one or more tubular members, each tubular member including: 
m annular member, including: 

a wall tfiickness diat varies l«s tiian 8 %; 
a lu)op yield strength fliat varies less than 10 %; 
20 imperfections of less than 8 % of the wall thickness; 

no failure for radial expansims of up to 30 %; and 

no necking of flie walls of the annular member for radial expansions of up to 

25%. 

Preferably, the apparatus fialher conqmses a bore hole, the tubular member 
25 or wellbore casing being within the borehole. 

Preferably, the apparatus further comprises a system to radially expand and 
plastically deform the tubular member or wellbore casing. 
Preferably, the system conqirises an eT^MUision cone. 
Preferably, the apparatus further comprises an interfece between the 
30 expansion cone and the tubular member or wellbore casing and a lubricant at the 
interface. 
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Preferably^ the apparatus further comprises a lubricant in the borehole or 
wellbore. 

Preferably, the tubular member con^rises a wellbore casing. 

Preferably, the tubular member con^^rises a pipeline. 
5 Preferably, the tubular member con^rises a structural support. 

Preferably, the expansion cone has a first tapered end and second end. 

Preferably, the apparatus comprises a lubricating fluid in the wellbore. 

According to another aspect of the present invention there is provided a 
method of forming a wellbore casing, comprising: 
10 placing a tubular member and an expansion device in a wellbore; and 

displacing the expmsion device relative to the tubular member; 

wherein the tubular memb^ includes: 

an annular member, including: 

a wall thickness fliat varies less than 8 %; 
IS a hoop yield strength that varies less than 10 %; 

in:q)erfections of less flian 8 % of the wall tiiickness; 

no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular member for radial expansions of up to 

25%. 

20 Preferably, the tubular member is radially expanded and plastically 

deformed. 

Preferably, the tubular member is radially expanded and plastically deformed 
with the expansion device. 

Preferably, an interface between the expansion device and the wellbore 
25 casing is lubricated. 

Preferably, the tubular member is placed in the wellbore by injecting a 
lubricating fluid into the wellbore, and then insertmg the tubular member into the 
wellbore. 

Preferably, the tubular membw* is radially expanded by positioning the 
30 expansion device at least partially within the tubular member, and pressurizing a 
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region below the expansion device, to force the expansion device through the 
tubular member. 

Preferably, the interface between the tubular member and the expansion 
device is lubricated. 

Brief Description of the Drawings 
FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 
secticm of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
apparatus for creating a casing within the new section of the well borehole. 

FIG. 3 is a fragmentaiy cross-sectional view illustrating the injection of a first 
quantity of a fluidic material into the new section of the well bwehole. 

FIG. 3a is another fragmentaiy cross-sectional view illustrating the injection of 
a first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 4 is a fragmentaiy cross-sectional view illustrating the injection of a 
second quantity of a fluidic material into the new section of the well borehole. 

FIG. 5 is a fiagmentaiy cross-sectional view illustrating the drilling out of a 
portion of the cured hardenable fluidic sealing material from the new section of the 
well bwehole. 

FIG. 6 is a cross-sectional view of the overlapping joint between adjacent 
tubular members. 

FIG. 7 is a fragmentary cross-sectional view of the apparatus for creating a 
casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placemoit of an 
25 expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustiation of an apparatus for forming a casing 
including a drillable mandrel and shoe. 
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FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
5 adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creaUng a tie-back lin^ using an expandable tubular member. 

FIG. lOc is a cross-sectional illustration of the pumping of a fluidic sealing 
material into the annular region between the tubular member and ttie existing casing. 
10 FIG. lOd is a CTOss-sectional illustration of tiie pressurizing of the interior of 

the tubular member below the mandrel 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular member 
off of the mandrel. 

FIG. lOf is a cross-sectional illustration of tiie tie-back liner before drilling out 
15 the shoe and pack^. 

FIG. lOg is a cross-sectional illustration of the conQ>leted tie-back liner created 
using an expandable tubular member. 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a new 
section of a well borehole. 
20 FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of an 

apparatus for hanging a tubiilar liner within the new section of the well borehole. 

FIG. 11c is a fragmentary cross-sectional view illustrating the infection of a 
first quantity of a hardenable fluidic sealing matmal into die new section of the well 
b<n:ehole. 

25 FIG. 1 Id is a fragmentary ax>ss-sectiohal view illustrating the mtroduction of a 

wiper dait into the new section of the well bwehole. 

FIG. lie is a fragmentary cross-sectional view illustrating the mjecticm of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole, 

30 FIG. 1 If is a fragmentary cross-sectional view illustrating the conq)letion of 

the tubular liner. 
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FIG. 12 is a cross-sectional illustration of a wellhead system utilizing 
expandable tubular members. 

FIG. 13 is a partial cross-sectional illustration of the wellhead system of FIG. 

12. 

FIG. 14a is an illustration of the formation of a mono-diameter wellbore 
casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 
wellbore casing. 

HG. 14c is another illustration of the formation of the mono^iameter wellbore 
casing. 

FIG. 14d is another illustration of the formation of the mono-diameter 
wellbore casing. 

FIG. 14e is another illustration of the formation of the mono-diameter wellbore 
casing. 

na 14f is another illustration of the formation of the mono-diameter wellbore 
casing. 

FIG. 15 is an illustration of an apparatus for expanding a tubular member. 
FIG. 15a is another illustration of the apparatus of FIG. 15. 
FIG. 15b is another illustration of the apparatus of FIG. 15. 
FIG. 16 is an illustration of an apparatus for forming a mono-diameter 
wellbore casing. 

FIG. 17 is an illustration of an apparatus for expanding a tubular member. 
FIG. 17a is another illustration of the apparatus of FIG. 16. 
FIG. 17b is another illustration of the apparatus of FIG. 16. 
FIG. 18 is an illustration of an apparatus for forming a mono-diameter 
wellbore casing. 

FIG. 19 is an illustration of an apparatus for expanding a tubular member. 
FIG. 1 9a is another illustration of flie apparatus of FIG. 1 7. 
FIG. 19b is anotiier illustration of the apparatus of FIG. 17. 
FIG. 20 is an illustration of an apparatus for forming a mono-diameter 
wellbore casing. 



FIG. 21 is an illustration of the isolation of subterranean zones using 
expandable tubulars. 

FIG. 22a is a fragmentary cross-sectional illustration of an apparatus for 
forming a wellbore casing while drilling a wellbore. 
5 FIG. 22b is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 22a. 

FIG. 22c is another fragmentary cross-sectional illustration of the ai^)aratus of 
na22a. 

FIG. 22d is another fragmentary cross-sectional illustraticm of tiie apparatus of 
10 FIG. 22a. 

FIG. 23a is a fragmentary cross-section illustration of an apparatus and method 
for expanding tubular members. 

FIG. 23b is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 23a, 

15 FIG. 23c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 23a. 

FIG. 24a is a fragmentary cross-section illustration of an apparatus and method 
for expanding tubular members. 

FIG. 24b is anotiier fragmentary cross-sectional illustration of the apparatus of 
20 FIG. 24a. 

FIG. 24c is another fragmentary cross-sectional illustration of the apparatus of 
FIG, 24a, 

FIG. 24d is another fragmentary cross-sectional illustratim of ttie apparatus of 
FIG. 24a. 

25 FIG. 24e is anotiier fragmentary cross-sectional illustration of the apparatus of 

FIG. 24a. 

FIG. 25 is a partial cross-sectional illustration of an expansion mandrel 
expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between propagation 
30 pressure and the angje of attack of the expansion mandrel. 

FIG. 27 is a cross-sectional illustration of an expandable connector. 
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no. 28 is a cross-sectional illustration of an expandable connector. 
FIG. 29 is a cross-sectional illustration of an expandable connector 
FIG. 30 is a cross-sectional illustration of an expandable connector. 
FIG. 31 is a fiagmentaiy cross-sectional illustration of the lubrication of the 
interface between an expansion mandrel and a tubular member during the radial 
expansion process. 

FIG. 32 is an iUustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during tiie radial expansion of the tubular m^er. 

FIG. 33 is an illustration of an expansion mandrel including a system for 
lubricating the interfece between the expansion mandrel and a tubular member 
during the radial expansion of tfie tiibular meniber. 

FIG. 34 is an illustration of an expansion mandrel including a system for 
lubricating the interfiice between the expansion mandrel and a tubular member 
15 during die radial expansion of tfie tubular mranbCT. 

FIG. 35 is an illustration of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tubular member 
during the radial expansion of tiie tiibular member. 

nG. 36 is an iUustration of an expansion mandrel including a system for 
20 lubricating the interfece between the expansion mandrel and a tubular member 
during flie radial expansion of the tubular member. 

FIG. 37 is an illusteation of an expansion mandrel including a system for 
lubricating the interface between the expansion mandrel and a tiibular member 
during the radial expansion of the tiibular member. 
25 FIG. 38 is an Ulustration of an expansion mandrel including a system for 

lubricating the interface between the expansion mandrel and a tiibular member 
during the radial expansion of tiie tubular member. 

FIG. 39 is an illustiation of an expansion mandrel including a system for 
lubricating die interfiice between the expansion mandrel and a tiibular member 
30 during tiie radial expansion of the tiibular member. 
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FIG. 40 is a cross-sectional illustration of the first axial groove of the 
expansion mandrel of FIG. 39. 

FIG. 41 is a cross-sectional illustration of the circumferential groove of the 
expansion mandrel of FIG. 39. 
5 FIG. 42 is a cross-sectional illustration of one of the second axial grooves of 

the expansion mandrel of FIG. 39. 

FIG- 43 is a cross sectional illustration of an expansion mandrel including 
internal flow passages having inserts for adjusting the flow of lubricant fluids. 

FIG. 44 is a oross sectional illustration of the expansion mandrel of FIG. 43 
10 further including an insert having a filter for filtering out foreign materials from ttie 
lubricant fluids. 

FIG. 45 is a cross sectional illustration of an expandable tubular for use in 
forming and/or repairing a wellbore casing, pipeline, or foundation support 

FIG. 46 is a cross sectional illustration of flie flared end of a tubular member 
1 5 selected for testing. 

FIG. 47 is a cross sectional illustration of the flared end of a tubular member 
selected for testing that has structurally failed. 

Detailed Description 

20 Referring initially to Fi^. 1-5, an apparatus and method for forming a 

wellbore casing wittiin a subterranean formation will now be described. As 

illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean formation 105. 

The wellbore 100 includes an existmg cased section 1 10 having a tubular casing 115 

and an annular out^ layer of cemsat 120. 
25 In order to extend the wellbore 100 into the subterranean formation 105, a drill 

string 125 is used in a well known manner to drill out material from the subterranean 

formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in a 

subterranean formation is then positioned in the new section 130 of the wellbore 
30 100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 

tubular member 210, a shoe 21 5, a lower cup seal 220, an upper cup seal 225, a fluid 



passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
membo- 250. 

The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. The expandable mandrel 
205 comprises a hydraulic expansion tool as disclosed in U.S. Patent No. 5^48,095, 
the contents of which are incorporated herein by refa-ence, modified in accoidance 
with die teachings of the present disclosure. 

The tubular member 210 is supported by the expandable muadrcl 205. The 
tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
numbo- of conventi(mal commocially available materials sudi as, for exanq>le. 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casmg, or 
plastic tubmg/casing. The tubular member 210 is fiOnicated fiom OCTG in order to 
maximize strength after expansion. The inner and outer diameters of die tubular 
member 210 may range, for example, firom proximately 0.75 to 47 inches and 
1.05 to 48 inches, respectively. The inner and outer diametral of the tubular 
member 210 range fi^m about 3 to 15.5 inches and 3.5 to 16 inches, respectively in 
order to optimally provide mmimal telescoping effect in Ae most commonly drilled 
wellbore sizes. The mbular member 2 1 0 preferably conqjrises a solid member. 

The end portion 260 of the tubular member 210 is slotted, poforated, or 
otherwise modified to catch or slow down the mandrel 205 when it completes the 
extrusion of tubular member 210. The length of the tubular member 210 is limited 
to minimize the possibihty of buckling. For typical tubular membw 210 materials, 
the length of the tubular member 210 is preferably limited to between about 40 to 
20,000 feet in lengUi. 

The shoe 215 is coupled to fl»e expandable mandrel 205 and die tubular 
member 210. The ^oe 215 includes fluid passage 240. The shoe 215 may 
conqjrise any number of conventional commercially available shoes such as, for 
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example. Super Seal II float shoe. Super Seal II Down- Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 215 conqirises an aluminum down-jet 
guide shoe with a sealing sleeve for a latch-down plug available from Halliburton 
5 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular mmiber 210 in the 
wellbore, q>timally provide an adequate seal between ttie interior and exterior 
diameters of the overlaiq)ing joint between ftio tubular members, and to optimally 
allow the conq>lete drill out of the shoe and plug after the completion of tiie 

1 0 cementing and expansion opmtions. 

The shoe 215 includes one or more through and side outlet ports in fluidic 
communication vntti flie fluid passage 240. In Ais manner, the shoe 215 optimally 
injects hardenable fluidic sealing material into the region outside the shoe 215 and 
tubular member 210. The shoe 215 includes the fluid passage 240 having an inlet 

15 geometry that can receive a dart and/or a ball sealing member. In this manner, the 
fluid passage 240 can be optimally sealed off by introducing a plug, dart and/or ball 
sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support member 
250, The lower cup seal 220 prevents foreign materials from entering the interior 

20 region of the tubular member 210 adjacent to ttie expandable mandrel 205. The 
lower cup seal 220 may cothprise any number of conventional commercially 
available cup seals such as» for example, TP ciq>s, or Selective Injection Packer 
(SIP) cups modified in accordance with the teadiings of the present disclosure. The 
lower cup seal 220 comprises a SIP cup seal, available firom Halliburton Energy 

25 Services in Dallas, TX m order to optimally block foreign material and contain a 
body of lubricant 

The upper cup seal 225 is coupled to and supported by the support meniber 
250. The upper cup seal 225 prevents foreign materials from entering tiie interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
30 number of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
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disclosure. The upper cup seal 225 comprises a SIP cup, available from Halliburton 
Energy Savices in Dallas, TX in order to optimally block the entry of foreign 
materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and from 
the interior region of the tubular member 210 below the expandable mandrel 205. 
The fluid passage 230 is coq^led to and positioned within the support member 250 
and the expandable mandrel 205. The fluid passage 230 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 205. The 
fluid passage 230 is preferably positioned along a ccnterime of the apparatus 200. 

The fluid passage 230 is preferably selected, in the casing running mode of 
opmtion, to transport materials such as drilling mud or fmnation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi 
in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and 
lead to hole collapse. 

The fluid passage 235 permits fluidic natmals to be released from Ae fluid 
passage 230. In this manna-, during placement of the apparatus 200 within the new 
section 130 of the wellbore 100, fluidic materials 255 forced up the fluid passage 
230 can be released into the wellbore 100 above the tubular member 210 thereby 
minimizing surge pressures on the wellbore section 130. The fluid passage 235 is 
coupled to and positioned within the support member 250, The fluid passage is 
further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. The control valve is pressure activated in 
order to controllably minimize suige pressures. The fluid passage 235 is preferably 
positioned substantially orthogonal to the centerline of the s^yparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi 
in order to reduce the drag on the apparatus 200 during inserticm into flie new 
section 130 of the wellbore 100 and to minimize surge pressures on the new 
wellbore section 130. 



The fluid passage 240 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 210 and shoe 215. The fluid passage 240 
is coupled to and positioned within the shoe 215 in fluidic communication with the 
interior region of the tubular member 210 below the expandable mandrel 205, The 
fluid passage 240 preferably has a cross-sectional shape that permits a plug, or other 
similar device, to be placed in fluid passage 240 to thereby block further passage of 
fluidic materials. In this manner, the interior region of the tubular member 210 
below the ejcpandable mandrel 205 can be fluidicly isolated firom fhe region extorior 
to the tubular meniber 210. This permits the interior region of the tubular member 
210 below Ae expandable mandrel 205 to be pressurized. The fluid passage 240 is 
preferably positioned substantially along the oenteriine of flie apparatus 200. 

The fluid passage 240 is preferably selected to convey matmals such as 
cement, drilling mud or q)oxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi m order to optimally fill the annular region 
between the tubular member 210 and the new section 130 of the wellbore 100 with 
fluidic materials. The fluid passage 240 includes an uilet geometry that can receive 
a dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elemmts into die fluid 
passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
tubular member 210. The seals 245 are further positioned on an outer sur&ce 265 of 
flie end portion 260 of the tubular member 210. The seals 245 peraiit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 260 
of the tubular member 210 to be fluidicly sealed. The seals 245 may conqirise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epbxy seals modified in accordance with the teachmgs of the 
present disclosure. The seals 245 are molded from Stratalock epoxy available fi-om 
Halliburton Energy Services in Dallas, TX in ord^ to optimally provide a load 
bearing interference fit between the end 260 of the tubular member 210 and the end 
270 of die existing casing 1 1 5. 
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The seals 245 are selected to optiinally provide a sufficient fiictional force to 
support the expanded tubular member 210 from the existing casing 115. The 
fnctional force optimally provided by the seals 245 ranges from about 1,000 to 
1,000,000 Ibf in order to optimally support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, tubular 
member 210, shoe215, and seals 220 and 225. The support member 250 preferably 
comprises an annular member having sufficient strength to cany the apparatus 200 
into the new section 130 of the wellbore 100. The support member 250 further 
includes one or more conventional ccntralizers (not illustrated) to help stabilize the 
apparatus 200. The support member 250 comprises coiled tubing. 

A quantity of lubricant 275 is provided in the annular region above the 
expandable mandrel 205 within the interior of the tubular member 210. In this 
manner, the extnision of the tubular member 210 off of the expandable mandrel 205 
is feciUtated. The lubricant 275 may comprise any nuniber of conventional 
commereially available lubricants such as. for example, Lubriplate. chlorine based 
lubricants, oil based lubricants or Qhnax 1500 Antisieze (3100). The lubricant 275 
comprises Qimax 1500 Antisieze (3100) available fiom Qimax Lubricants and 
Equipment Co. in Houston. TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

The support member 250 is thoroughly cleaned prior to assembly to tfie 
remaining portions of the apparatus 200. In this manner, the introduction of foreign 
material into the apparatus 200 is minimized.. This minimizes the possibility of 
foreign material clogging the various flow passages and valves of the apparatus 200. 
Before or after positioning die apparatijs 200 within the new section 130 of the 
25 wellbore 100, a couple of wellbore volumes are circulated in onler to ensure that no 
foreign materials are located witiiin die weUbore 100 tiiat might clog up the various 
flow passages and valves of the apparatus 200 and to ensure that no foreign material 
Interfax with the aq>ansion process. 

As illustrated in Fig. 3. the fluid passage 235 is tiien closed and a haidenable 
30 fluidic sealing material 305 is then puitq^d fiom a surfece location into the fluid 
passage 230. The material 305 then passes from tfie fluid passage 230 into the 
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interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 240. 
The material 305 then exits the apparatus 200 and fills the annular region 315 
between the exterior of the tubular member 210 and the interior wall of the new 

5 section 130 of the wellbore 100. Continued punq>ing of the material 305 causes the 
material 305 to fill up at least a portion of the amiular region 3 1 5. 

The material 305 is preferably punq)ed into the annular region 3 1 5 at pressures 
and flow rates ranging, for example, fi-om about 0 to 5000 psi and 0 to 1,500 
gallons/min, respectively. The optimum flow rate and operating pressures vary as a 

10 fimction of the casing and wellbore sizes, wellbore section length, available 
pumping equipment, and fluid properties of the fluidic nnaterial being pim:q>ed. The 
optimum flow rate and operating pressure are prefwably determined using 
conventional en5)irical methods. 

The hardenable fluidic sealing material 305 may con^se any number of 

15 conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. The hardenable fluidic sealing material 
305 conpises a blended cement prepared specifically for the particular well section 
being drilled firom Halliburton Energy Services in Dallas, TX in order to provide 
optimal support for tubular member 210 while also maintaining optimum flow 

20 characteristics so as to minimize difficulties during the displacement of cement in 
die annular region 315. The optimum blend of the blc»ided cement is preferably 
determined using conventional empirical methods. 

The annidar region 315 preferably is filled with die material 305 in sufifident 
quantities to ensure that, upon radial expansion of die tubular member 210, the 

25 annular region 315 of die new section 130 of die wellbore 100 will be filled witii 
material 305. 

As illustrated in Fig. 3a, the wall thickness and/or die outer diameter of die 
tubular member 210 is reduced in the region adjacent to the mandrel 205 in order 
optimally permit placement of the apparatus 200 in positions in the wellbore with 
30 tight clearances. Furtiiermore, in this maimer, the initiation of the radial expansion 
of the tubular member 210 during the extrusion process is optimally facilitated. 
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As illustrated in Fig. 4, once the annular region 3 1 5 has been adequately fiUed 
with material 305, a plug 405, or other similar device, is introduced mto the fluid 
passage 240 thereby fluidicly isolating the interior region 310 from the annular 
region 315. A non-bardenable fluidic material 306 is then pumped into the interior 
region 310 causing the interior region to pressurize. In this manner, the interior of 
the expanded tubular member 210 will not contain significant amounts of cured 
material 305. This reduces and simplifies the cost of the entire process. 
Alternatively, the material 305 may be used during this phase of the process. Once 
the interior region 310 becomes sufficiently pressurized, the tubular member 210 is 
extruded off of the expandable mandrel 205. During the extrusion process, the 
expandable mandrel 205 may be raised out of the expanded portion of the tubular 
member 210. During the extrusion process, the mandrel 205 is raised at 
approximately the same rate as the tubular member 210 is expanded in order to keep 
the tubular member 210 stationary reUtive to the new wellbore section 130. The 
15 extrusion process is commenced with the tubular member 210 positioned above flw 
bottom of the new wellbore section 130, keeping the mandrel 205 stationaiy, and 
allowing the tubular member 210 to extrude off of the mandrel 205 and fall down 
the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing the 
20 plug 405 into the fluid passage 230 at a surface location in a conventional manner. 
The plug 405 preferably acts to fluidicly isolate the haidenable fluidic sealing 
material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example. Multiple Stage 
Ccmenter (MSC) latch-down plug. Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. The 
plug 405 comprises a MSC latch-down plug available from Halliburton Energy 
Swvices in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pun^ into the interior region 310 at pressures 
and flow rates ranging, for example, from approxhnately 400 to 10,000 psi and 30 to 
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4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing material 
within the interior 3 10 of the tubular member 210 is minimized. After placement of 
the plug 405 in the fluid passage 240, the non hardenable material 306 is preferably 
punq)ed into the interior region 310 at pressures and flow rates ranging from 
5 aiq>roximately 500 to 9,000 psi and 40 to 3.000 gallons/min in order to maximize the 
extrusion speed. 

The apparatus 200 is adapted to minimize tensile, burst, and friction effects 
upon the tubular member 210 during the expansion process. These effects will 
dq>end upon the geometry of the expansion mandrel 205, die material conq)osition 

10 of the tubular memb^ 210 and expansion mandrel 205, the inner diameter of the 
tubular member 210, the wall thickness of the tubular member 210, the type of 
lubricant, and the yield strength of the tubular member 210. In general, the tiiidc^ 
tfie wall thickness, the smaller the inner diameter, and the greater the yield strengtfi 
of the tubular member 210, then the greater the operating pressures required to 

15 extrude the tubular member 210 off of the mandrel 205, 

For typical tubular memb^ 210, the extnision of the tubular member 210 off 
of die expandable mandrel will begin when the pressure of the interior region 310 
reaches, for example, approximately 500 to 9,000 psi. 

During the extrusion process, the expandable mandrel 205 may be raised out of 

20 the expanded portion of the tubular member 2 1 0 at rates ranging, for example, from 
about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel 205 is 
raised out of the expanded portion of the tubular member 210 at rates ranging from 
about 0 to 2 fi/sec in order to minimize the time required for the expansimi iM'ocess 
while also permitting easy control of the expansion process. 

25 When the end p<Htion 260 of the tubular member 210 is extnided off of the 

expandable mandrel 205, the outer surface 265 of the end portion 260 of the tubular 
member 210 will preferably contact the interior suiface 410 of flie end portion 270 
of the casing 1 15 to form an fluid tig^t overlapping joint The contact pressure of 
tiie overlapping joint may range, for example, from approximately 50 to 20,000 psi. 

30 The contact pressure of the overlapping joint ranges from approximately 400 to 
10,000 psi in order to provide optimum pressure to activate the annular sealing 
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members 245 and optimally provide resistance to axial motion to accommodate 
typical toisile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 265 of the expanded tubular member 210 preferably provides a gaseous 
5 and fluidic seal. The sealing members 245 optimally provide a fluidic and gaseous 
seal in flie overls^tng joint 

The operating pressure and flow rate of the non hardenable fluidic material 
306 is controllably ramped down when tiie expandable mandrel 205 reaches the end 
portion 260 of the tubular member 210. In this manner, the sudden release of 
10 pressure caused by the complete extrusion of the tubular member 210 off of the 
expandable mandrel 205 can be minimized. The operating pressure is reduced in a 
substantially linear &shion from 100% to about 10% during the end of the extrusion 
process beginning when the mandrel 205 is wifliin about 5 feet from completion of 
the exboision process. 

15 Alternatively, or in combination, a shodc absorber is provided in die support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commerdaUy 
available shock absoiber adapted for use in wellboie operations. 

Altonatively, or in combination, a mandrel catching structure is provided in 
the end portion 260 of the hibular member 2 10 in order to catch or at least decelerate 
the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. Eitiier before or after die itnnoval of the 
expandable mandrel 205. die integrity of the fluidic seal of the overlapping joint 
between the upper portion 260 of the tiibular member 210 and die lower portion 270 
of die casing 1 15 is tested using conventional methods. 

If die fluidic seal of die overlapping joint between the upper portion 260 of die 
tubular member 210 and the lower portion 270 of die casing 1 15 is satis&ctory. dien 
any uncured portion of the material 305 witfiin die expanded tubular member 210 is 
then removed in a conventional manner such as, for example, circulating die 
uncured material out of die interior of die expanded tubuter member 210. The 



mandrel 205 is tficn pulled out of tfie wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within the 
annular region 3 1 5 is then allowed to cure, 
5 As illustrated in Fig. 5, preferably any remaining cured material 305 within the 

interior of the expanded tubular member 210 is then removed in a conventional 
manner using a conventional drill string 505. The resulting new section of casmg 
510 includes the expanded tubular member 210 and an outer annular layer 515 of 
cured material 305. The bottom portion of the apparatus 200 comprising tiie shoe 

10 215 and dart 405 may tfien be removed by drilling out the shoe 215 and dart 405 
using conventional drilling methods. 

As illustrated in Fig. 6, tfie upper portion 260 of the tubular member 210 
includes one w more sealmg members 605 and one or more pressure relief holes 
610. In this manner, the overlapping joint between the lower portion 270 of ttie 

15 casing 1 15 and the upper portion 260 of the tubular member 210 is pressure-tig^t 
and the pressure on the interior and exterior suifeces of the tubular member 210 is 
equalized during the extrusion process. 

The sealing members 605 are seated within recesses 615 formed in the outer 
surface 265 of the upper portion 260 of the tubular member 210. The sealing 

20 members 605 are bonded or molded onto the outer surface 265 of the upper portion 
260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular memb^ 210. The pressure relief holes 
reduce the operating pressures required to expand the upper portion 260 of the 
tubular member 210. This reduction in required operating pressure in turn reduces 

25 tfie velocity of the mandrel 205 upon the conq>letion of ttie extnision process. This 
reduction in velocity in turn minimizes the mechanical shock to the entire apparatus 
200 upon the completion of die extrusion process. 

Referring now to Fig. 7, an apparatus 700 for forming a casing within a 
wellbore preferably includes an expandable mandrel or pig 705, an expandable 

30 mandrel or pig container 710, a tubular member 715, a float shoe 720, a lower cup 
seal 725, an upper cup seal 730, a fluid passage 735, a fluid passage 740, a support 



member 745. a body of lubricant 750, an overshot connection 755, another support 
member 760, and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to die expandable 
5 mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable mandrels 
modified in accordance with the teachings of the present disclosure. The 
expandable mandrel 705 comprises a hydrauUc expansion tool substantiaUy as 
10 disclosed in U.S. Pat No. 5,348,095, the contents of which are incoipoiated herein 
by reference, modified in accordance with the teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled to 
the expandable nuoidrel 705. The expandable mandrel container 710 may be 
15 constructed from any number of conventional commercially available materials such 
as, fiw example, Oilfield Country Tubular Goods, stainless steel, titanium or high 
strength steels. The expandable mandrel contamer 710 is fabricated from material 
havmg a greater strength dian the material from which the tubular member 715 is 
fabricated, hi this manner, the container 710 can be fabricated from a tubular 
20 material having a thinner wall thickness than the tubular member 210. This permits 
the container 710 to pass through tight clearances thereby fedhtating its placement 
within die wellbore. 

Once the expansion process begins, and the thicker, lower strength material of 
the tubular member 715 is expanded, the outside diameter of the tubular member 
25 715 is greater than the outside diameter ofdiewmtainer 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial duection 
and extruded oflf of the expandable mandrel 70S substantiaUy as described above 
with reference to Figs. 1-6. The tubular member 715 may be fabricated from any 
30 number of materials such as, for example, OUfield Country Tubular Goods (OCTG), 



automotive grade steel or plastics. The tubular member 715 is fabricated from 
OCTG. 

The tubular member 715 has a substantially amiular cross-section. The tubular 
member 715 has a substantially circular annular cross-section. 
5 The tubular member 715 preferably includes an upper section 805, an 

intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by the regicm beginning in the vicinity of 
the mandrel container 710 and endmg wifli the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular meniber 715 is preferably 
10 defined by the region beginning in the vicinity of the top of the mandrel container 
710 and ending with the region in die vicinity of the mandrel 705. The lower 
section of the tubular member 715 is preferably defined by the region beginning in 
the vicinity of tiie mandrel 705 and ending at the bottom 825 of the tubular member 
715. 

15 The wall thickness of the upper section 805 of fhe tubular member 715 is 

greater than the wall thicknesses of the intermediate and lower sections 810 and 815 
of the tubular member 715 in order to optimally facilitate the initiation of the 
extrusion process and optimally permit the apparatus 700 to be positioned in 
locations in the wellbore having tig^t clearances. 

20 The outer diameter and wall ttiickness of the upper section 805 of the tubular 

member 715 may range, for example, from about 1.05 to 48 inches and 1/8 to 2 
inches, respectively. The outer diameter and wall thickness of the upper section 805 
of the tubular member 715 range from about 3.5 to 16 inches and 3/8 to 1.5 inches, 
respectivety. 

25 The outer diameter and wall thickness of the intermediate section 810 of flie 

tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.5 inches, respectively. The outer diameter and wall thickness of tte 
intermediate section 810 of the tubular member 715 range from about 3.5 to 19 
inches and 1/8 to 1 .25 inches, respectively. 

30 The outer diameter and wall thickness of the lower section 815 of flie tubular 

member 715 may range, for example, from about 2.5 to 50 inches and 1/16 to 1.25 

• • • • • 94* • • « • 

• * • • • ^4 • • 

• • ■ • • • • 

• « • • • » • 

• •••• • 



10 



inches, respectively. The outer diameter and wall thickness of the lower section 810 
of the tubular member 715 range from about 3.5 to 19 inches and 1/8 to 1 .25 inches, 
respectively. The waU thickness of the lower section 815 of the tubular member 715 
is further increased to increase the strength of the shoe 720 when drillable materials 
sudi as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. The 
end portion 820 of the tubular member 715 is slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 705 when it completes the extrusion of 
tubular member 715. The length of the tubular member 715 is limited to minimize 
the possibility of buckling. For typical tubular member 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 to 20.000 feet in 
length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. The shoe 720 further 
15 includes an inlet passage 830, and one or more jet ports 835. The cross-sectional 
shape of the inlet passage 830 is adapted to receive a latch-down dart, or other 
simiUtt elements, fiw blocking the inlet passage 830. The interior of the shoe 720 
preferably includes a body of solid material 840 for increasing the strength of the 
shoe 720. The body of solid matoial 840 conqnises aluminum. 

The shoe 720 may cot^mse any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 comprises an aluminum down-jet 
guide shoe with a sealing sleeve for a latch-down plug available from HaUiburton 
Energy Services in Dallas. TX, modified in accordance with the teachings of the 
present disclosure, m order to optimize guiding the tubular meniber 715 in the 
weUbore, optimize the seal betwem the tubular member 715 and an existing 
wellbore casing, and to optimally &cilitate the removal of the shoe 720 by drilling it 
out after completion of Ae extrusion process. 
30 The lower cup seal 725 is coupled to and supported by the siq>port member 

745. The lower cup seal 725 prevents foreign materials from entering the interior 
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region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower cup 
5 seal 725 comprises a SIP cup, available from Halhburton Energy Services in Dallas, 
TX in order to optimally provide a debris barrier and hold a body of lubricant. 

The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may conqnise any 

10 number of conventional commercially available cup seals such as, for example, TP 
ciq)s or Selective Injection Packer (SIP) ciq> modified in accordance with the 
teachings of the present disclosure. The upper cup seal 730 comprises a SIP cup 
available from Halliburton Energy Services in Dallas, TX in order to optunally 
provide a debris barrier and contain a body of lubricant 

15 The fluid passage 735 peraiits fluidic materials to be transported to and from 

the interior region of die tubular member 715 below the expandable mandrel 705. 
The fluid passage 735 is fluidicly coupled to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 760, 
the support member 745, the mandrel container 710, and the expandable mandrel 

20 705. The fluid passage 735 preferably extends from a position adjacent to the 
surface to the bottom of the expandable mandrel 705. The fluid passage 735 is 
preferably positioned along a centeriine of the aj^mratus 700. The fluid passage 735 
is i»eferably selected to transport materials such as cement, drilling mud or qx>xies 
at flow rates and pressures rangmg fix>m about 40 to 3,000 gallons/minute and 500 

25 to 9,000 psi in order to optimally provide suifident operating pressures to extrude 
the tubular member 7 1 5 off of the expandable mandrel 705. 

As described above witii reference to Figs. 1-6, during placement of die 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 715. 

30 The apparatus 700 further includes a pressure release passage that is coupled to and 
positioned within the support member 260. The pressure release passage is further 
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fluidicly coupled to the fluid passage 735. The pressure release passage preferably 
includes a control valve for controllably opening and closing the fluid passage. TTie 
control valve is pressure activated in order to controllably minimize surge pressures. 
The pressure release passage is preferably positioned substantially orthogonal to the 
5 centeriine of the apparatus 700. The pressure release passage is preferably selected 
to convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in order to 
reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to minimize surge pressures on the new wellbore sectioa 
10 The fluid passage 740 permits fluidic materials to be transported to and fiom 

die region exterior to the tubular member 715. The fluid passage 740 is preferably 
coupled to and positioned within the shoe 720 in fluidic communication wifli the 
interior region of the tubutar member 715 below die expandable mandrel 705. The 
fluid passage 740 preferably has a cross-sectional shape that permits a plug, or other 
15 similar device, to be placed in the inlet 830 of tiie fluid passage 740 to thereby block 
further passage of fluidic materials. In this manner, the interior region of die tubular 
member 715 below the expandable mandrel 705 can be optimally fluidicly isolated 
from the region exterior to die tubular member 715. This permits the interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized. ' 
20 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, driUing mud or epoxies at flow rates and pressures 
ranging from about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order to 
optimally fiU an annular region between the tubuUir member 71 5 and a new section 
25 of a wellbore with fluidic materials. ITie fluid passage 740 includes an inlet passage 
830 having a geometry that can receive a dart and/or a ball sealing member, la this 
manner, the fluid passage 240 can be sealed ofif by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 further includes one or more seals 845 coupled to and 
siqjported by the end portion 820 of the hibular member 715. The seals 845 are 
further positioned on an outer surface of the end portion 820 of the tubular member 



30 



715. The seals 845 permit the overlapping joint between an end portion of 
preexisting casing and the end portion 820 of tiie tubular member 715 to be fluidicly 
sealed. The seals 845 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon, or epoxy seals modified in 
5 accordance with tiie teachings of the present disclosure. The seals 845 comprise 
seals molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
existing casing wiA cqitimal load bearing capacity to sui^ort the tubular member 
10 715. 

The seals 845 are selected to provide a sufficient fiictimal force to support the 
expanded tubular member 715 trom the existing casing. The frictional force 
provided by the seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to 
optunally support the expanded tubular member 715. 

15 The support member 745 is preferably coupled to the expandable mandrel 705 

and the overshot connection 755. The support member 745 preferably conq>rises an 
amiular member having sufficient strength to cany the apparatus 700 into a new 
section of a wellbore. The support member 745 may comprise any number of 
conventional commercially available support members such as, for exanq>le, steel 

20 drill pipe, coiled tubing or other high strength tubular modified in accordance with 
the teachings of the present disclosure. The support member 745 con^rises 
conventional drill pipe available from various steel mills in the United States. 

A body of lubricant 750 is provided in the annular region above the 
expandable mandrel container 710 witfiin the interior of the tubular member 715. In 

25 this manner, flie extrusion of the tubular member 71 5 off of the expandable mandrel 
705 is fecilitated. The lubricant 705 may comprise any number of conventional 
commercially available lubricants such as, for example, Lubriplate, chlorine based 
lubricants, oil based lubricants, or Climax 1500 Antisieze (3100). The lubricant 750 
conq>rises Qimax 1500 Antisieze (3100) available from Halliburton Energy 

30 Services in Houston, TX in order to optimally provide lubrication to facilitate the 
extrusion process. 
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The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overehot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as. for example, Innerstring Sealing Adapter, tanerstring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot 
connection 755 comprises a Innerstring Adapter with an Upper Guide available fiom 
Halliburton Energy Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 755 
and a surface support structure (not illustrated). The support member 760 preferably 
comprises an annular member having sufficient strength to cany Ae apparatus 700 
into a new section of a wellbore. The support member 760 may comprise any 
number of conventional commerciaUy available support members such as, for 
example, steel driU pipe, coiled tubing or other high strength tubulais modified in 
accordance with the teachings of the ptesent disclosure. The support member 760 
comprises a conventional drill pipe available from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabihzes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter that is about 80 to 99% of the interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
commercially available stabilizers such as, for example, EZ Drill Star Guides, 
packer shoes or drag blocks modified in accordance with the teachings of the present 
disclosure. The stabilizer 765 comprises a sealing adapter upper guide available 
fix)m Halliburton &iergy Services in Dallas, TX. 

The support members 745 and 760 are thorougjily cleaned prior to assembly to 
the remaining portions of the apparatus 700. In this manner, the mtroduction of 
foreign material into the apparatus 700 is minimized. This minimizes the possibility 
of foreign material clogging the various flow passages and valves of the apparatus 



700, 



Before or after positioning the apparatus 700 within a new section of a 
wellbore, a couple of wellbore volumes are circulated through the various flow 
passages of the apparatus 700 in ord^ to ensure that no foreign materials are located 
within the wellbore that might clog up the various flow passages and valves of the 
5 apparatus 700 and to ensure that no foreign material interferes with the expansion 
mandrel 70S during the expansion process. 

The qiparatus 700 is operated substantially as described above with reference 
to Figs. 1-7 to form a new section of casing within a wellbore. 

As illustrated in Fig. 8, The method and apparatus described herein is used to 

10 repair an existing wellbore casing 805 by forming a tubular liner 810 inside of the 
existing wellbore casing 805. An outer annular lining of cement is not provided in 
the rq^aired section. Any number of fluidic materials can be used to expand the 
tubular liner 810 into intimate contact with the damaged section of the wellbore 
casing such as, for exanq)le, cement, epoxy, slag mix, or drilling mud. Sealing 

15 members 81 5 are preferably provided at both ends of flie tubular member in order to 
optimally provide a fluidic seal. The tubular liner 810 is formed within a 
horizontally positioned pipeline section, such as tiiose used to transport 
hydrocarbons or water, with the tubular liner 810 placed in an overtyping 
relationship with the adjacent pipeline section. In tiiis manner, underground 

20 pipelines can be repaired without having to dig out and replace the damaged 
sections. 

The method and q>paratus described herein is used to directly line a wellbore 
with a tubular liner 810. An out^ annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. Any number of fluidic materials 
25 can be used to expand the tubular liner 810 into intimate contact with the wellbore 
such as, for example, cement, qx>xy, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, an apparatus 900 for forming a 
wellbore casing includes an expandable tubular member 902, a support member 904, 
an expandable mandrel or pig 906, and a shoe 908. The design and construction of 
30 the mandrel 906 and shoe 908 permits easy removal of tiiose elements by drilling 
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them out In this manner, the assembly 900 can be easily removed irom a wellbore 
using a conventional drilling apparatus and conesponding drilling methods. 

The expandable tubular member 902 preferably includes an upper portion 910. 
an interaiediate portion 912 and a lower portion 914. During operation of the 
apparatus 900. the tubular member 902 is preferably extruded off of the mandrel 906 
by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

An expandable tubular member 915 is coupled to the upper portion 910 of the 
expandable tubular member 902. During operation of the apparatus 900. the tubular 
member 915 is preferably extruded off of the mandrel 906 by pressurizing the 
interior region 966 of the tubular member 902. The tubular member 915 preferably 
has a substantially annular cross-section. The wall thickness of the tubular member 
9 1 5 is greater thm the wall thickness of the tubular member 902. 

The tubular member 915 may be fabricated fiom any number of conventional 
commercially available materials such as, for example, oilfield tubulais, low alloy 
steels, titanium or stainless steels. The tubular member 915 is fabricated from 
oilfield tubulars in order to optimally provide approximately the same mechanical 
properties as the tubular member 902. The tubular member 915 has a plastic yield 
point ranging from about 40.000 to 135.000 psi in order to optimally provide 
» approximately the same yield properties as the tubular member 902. ITie tubular 
member 915 may comprise aplurality of tubular members coupled end to end. 

The upper end portion of the tubular member 91 5 includes one or more sealing 
members for optimally providing a fluidic and/or gaseous seal with an existing 
section of wellbore casing. 
5 The combined length of die tubular membera 902 and 915 are limited to 

minimize the possibility of buckling. For typical tubular member materials, the 
combined length of the tubular members 902 and 915 are limited to between about 
40 to 20,000 feet in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to the 
) shoe 908 by a threaded comiection 968. Tbe intermedute portion 912 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 



The tubular member 902 may be fabricated from any number of conventional 
commerdally available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. The tubular member 902 is fabricated from 
oilfield tubulars in order to optimally provide approximately the same mechanical 
properties as the tubular member 915. The tubular member 902 has a plastic yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
q)proxin]ately the same yield properties as the tubular member 915. 

The wall thickness of thie iqiper, intermediate, and lower portions, 910, 912 
and 914 of ttie tubular member 902 may range, for example, fix)m about 1/16 to 1.5 
inches. The wall thickness of flie upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular meniber 902 range from about 1/8 to 1.25 in order to 
optimally provide wall fliickness flbat are about the same as the tubular menAer 9 1 5. 
The wall thickness of the lower portion 914 is less than or equal to the wall 
thickness of Ae upper portion 910 in order to optimally provide a geometry that will 
fit into tight clearances downhole. 

The outer diameter of the upp«r, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. The outer diameter of the tq^per, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 range from about 3 Vz to 19 inches in order to 
optimally provide the ability to expand the most commonly used oilfield tubulars. 

The length of the tubular member 902 is jx^ferably limited to between about 2 
to 5 feet in order to optimally provide enough lengtfi to contain the mandrel 906 and 
a body of lubricant 

The tubular meniber 902 may conqnise any number of conventional 
commercially available tubular members modified in accordance with the teachings 
of the present disclosure. The tubular member 902 comprises Oilfield Country 
Tubular Goods available from various U.S. steel mills. The tubular member 915 
may conqirise any mmiber of conventional commercially available tubular menibers 
modified in accordance with the teachings of the present disclosure. The tubular 
member 915 comprises Oilfield Country Tubular Goods available from various U.S. 
steel mills. 



The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as. for example, threaded connections, welding 
or machined iiom one piece. Tbt various elements of the tubular member 902 are 
coupled using welding. ITie tubular member 902 may comprise a plurality of 
5 tubuUo- elements that are coupled end to end. The various elements of the tubular 
member 915 may be coupled using any number of conventional process such as. for 
example, threaded comiections. welding or machined from one piece. The various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
10 end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as. for example, threaded connections, welding or 
machined from one piece. 

The support member 904 preferably includes an innerstring adapter 916, a 
fluid passage 918. an upper guide 920, and a coupling 922. During operation of Ac 
15 apparatus900.the8upportmember904preferably8upportstheappaiatus9M 

movement of the apparatus 900 within a wellbore. The support member 904 
preferably has a substantially annular cross-section. 

The support member 904 may be fabricated from any number of conventional 
commerciaUy available materials such as. for example, oilfield tubulais. low aUoy 
20 steel, coiled tubing or stainless steel. The support member 904 is febricated from 
low alloy steel in order to optimally provide high yield strength. 

TTie mnerstring adaptor 916 preferably is coupled to and supported by a 
conventional driU string support from a surface location. The innerstring adaptor 
916 may be coupled to a conventional drill string support 971 by a threaded 
25 coimection 970. 

The fluid passage 918 is preferably used to convey fluids and otter materials 
to and from the apparatus 900. The fluid passage 918 is fluidiely coupled to the 
fluid passage 952. TTie fluid passage 918 is used to convey hardenable fluidic 
sealing materials to and from the apparatus 900. The fluid pass^e 918 may include 
30 one or more pressure relief passages (not illusHaled) to release fluid pressure during 
positioning of the apparatus 900 within a wellbore. The fluid passage 918 is 
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positioned along a longitudinal centcrline of the apparatus 900. The fluid passage 
918 is selected to permit the conveyance of hardenable fluidic materials at operating 
pressures ranging from about 0 to 9,000 psi. 

The upper guide 920 is coupled to an upper portion of the support member 
5 904. The upper guide 920 preferably is adapted to center the support member 904 
within tfie tubular member 915, The upper guide 920 may comprise any number of 
conventional guide members modified in accordance with the teachings of the 
present disclosure. The upper guide 920 comprises an innerstring adapter available 
from Halliburton Energy Services in Dallas, TX order to optimally guide tiie 
10 apparatus 900 within the tubular member 915. 

The coupling 922 couples the support member 904 to die mandrel 906. The 
coupling 922 prefmbly conqirises a conventional threaded connection. 

The various elements of Uie support member 904 may be coupled using any 
number of ccmventional processes such as, for exanq>le, welding, threaded 
15 connections or machined fit>m one piece. The various elements of the support 
member 904 are coupled using direaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
20 upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricatcM- mandrel 946, lubricator sleeve 
948» and the nibb^ cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retains 924 preferably has a substantially annular cross- 
25 section. The retainer 924 may comprise any nimiber of conventional conunercially 
available retainers such as, for example, slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 946, 
and ttie lubricator sleeve 948. The rubber cup 926 prevents the entry of foreign 
materials into the interior region 972 of the tubular member 902 below the rubber 
30 cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
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Injection Packer (SIP) cup. The nibber cup 926 comprises a SIP cup available fiom 
Halliburton EneiBy Services in Dallas. TX in order to optimally block foreign 
materials. 

A body of lubricant is further provided in the interior region 972 of the tubular 
5 member 902 in order to lubricate the interfece between the exterior surface of the 
mandrel 902 and the interior surface of the tubular members 902 and 915. The 
lubricant may comprise any number of conventional commerciaUy available 
lubricants such as. for example. Lubriplate. chlorine based lubricants, oil based 
lubricants or Climax 1500 Antiseize (3100). The lubricant comprises Qimax 1500 
10 Antiseize (3100) available from Climax Lubricants and Equipment Co. in Houston. 
TX m order to optimally provide lubrication to fiicilitate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930. the body of 
cement 932. the lower guide 934. the extension sleeve 936. the housing 940. and the 
upper cone retainer 944. During operation of the apparatus 900. the tubular 
members 902 and 915 are extruded ofFof flie outer surface of the expansion cone 

928. Axial movement of the expansion cone 928 is prevented by the lower cone 
retainer 930, housing 940 and the upper cone retainer 944. faner radial movement 
of the expansion cone 928 is prevented by the body of cement 932. the housing 940. 
and the iq>pCT cone retainer 944. 

The expansion cone 928 preferably has a substantially amiular cross section 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thickness of the expansion cone 928 may range, for example 
from about 0.125 to 3 inches. The wall thickness of the expansion cone 928 ranges 
fixmi about 0.25 to 0.75 inches in order to optimally provide adequate comprossive 
strength witi, minimal material. The maximum and minimum outside diameters of 
the expansion cone 928 may range, for example, from about 1 to 47 inches. TTie 
maximum and minimum outside diameters of the expansion cone 928 range fiom 
about 3.5 to 19 in order to optimaUy provide expansion of generally available 
oilfield tubulars 

The expansion cone 928 may be fabricated from any number of conventional 
commercially available materials such as. for example, ceramic, tool steel, titanium 
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or low alloy steel The expansion cone 928 is fabricated from tool steel in order to 
optimally provide high strength and abrasion resistance. The surface hardness of the 
outer surface of the expansion cone 928 may range, for exan^)le, from about 50 
Rockwell C to 70 Rockwell C. The surfece hardness of the outer surface of the 
expansion cone 928 ranges from about 58 Rockwell C to 62 Rockwell C in order to 
optimally provide hig|i yield strength. The expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. Axial movement of the expansion cone 928 is prevented by the lower 
cone retainer 930. Pref^^ly, the lower cone retainer 930 has a substantially 
annular cross-section* 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available raatmals sudi as» for exanq>le, ceramic, tool 
steel, titanium or low alloy steel. The lower cone retainer 930 is fabricated from 
tool steel in order to optimally provide high strength and abrasion resistance. The 
surface hardness of the outer surface of the lower cone retainer 930 may range, for 
exan^le, from about 50 Rockwell C to 70 Rockwell C. The surface hardness of the 
outer surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strengfli. The lower cone 
retainer 930 is heat treated to optimally provide a hard outer surface and a resilient 
interior body in order to optimally provide abrasion resistance and fracture 
tougjhness. 

Hie lower cone retainer 930 and the expansion cone 928 are formed as an 
integral one-piece element in order reduce the number of conq)onents and increase 
the overall strengdi of the apparatus. The outer surface of tfie low^ cone retainer 
930 preferably mates with the umcr surfaces of the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 furth^ may be easily drilled out using a conventional drill 
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device. In tiiis manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
commercially available cement compounds. Alternatively, aluminum, cast iron or 
5 some other driUable metaUic. composite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 

During operation of the apparatus 900. the lower guide 934 preferably helps guide 
10 the movement of the mandrel 906 within the tubular member 902. The lower guide 

934 preferably has a substantially annular cross-section. 

The lower guide 934 may be febricated fiom any number of conventional 

commercially available materials such as, for example, oflfield tubutare, low aUoy 

steel or stainless steel. The lower guide 934 is fidmcated fiom low alloy steel in 
15 order to optimally provide high yield strengflt TTie outer surfiwe of the lower guide 

934 preferably mates with the inner sur&ce of the tubular member 902 to provide a 

sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 

20 helps guide fte movement ofthe mandrel 906 within the tubular member 902. The 
extension sleeve 936 prefisrably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated fi-om any number of conventional 
commercially available materials such as, for example, oilfield tubulars. low aUoy 
steel or stainless steel. TTie extension sleeve 936 is fabricated from low alloy steel in 

25 order to optimally provide high yield strength. The outer surface of the extension 
sleeve 936 preferably mates with the inner surfiice of the tubular member 902 to 
provide a sliding fit The extension sleeve 936 and the lower guide 934 are formed 
as an integral one-piece element in order to minimize the number of components and 
increase the strengdi of the apparatus. 

30 The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 preferably 

includes the fluid passage 952 and is adapted to mate with the extension tube 960 of 
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the shoe 908. In this manner, a plug or dart can be conveyed from flie surface 
through the fluid passages 918 and 952 into the fluid passage 962. Preferably, the 
spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
5 commercially available materials such as, for exanq)le, steel, aluminum or cast iron. 
The spacer 938 is fabricated from aluminum in order to optimally provide 
drillability. The end of the spacer 938 preferably mates with the end of the 
extension tube 960. The spacer 938 and the sealing sleeve 942 are formed as an 
integral one-piece elemmt in otder to reduce the number of components and 
10 increase die strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Prefo^ly, the housing 940 has a substantially 
15 annular cross-section. 

The housmg 940 may be fabricated from any number of conventional 
commercially available materials such as, for exan:q>le, oilfield tubulars, low alloy 
steel or stainless steel. The housing 940 is fabricated from low alloy steel in order to 
optimally provide high yield strength. The lower guide 934, extension sleeve 936 
20 and housing 940 are formed as an integral one-piece element in order to minimize 
the number of components and increase the strength of the apparatus. 

The interior surface of the housing 940 includes mte or more protrusions to 
frunlitate the connection between the housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
25 cement 932, the spacer 938, and the upper cone retainer 944. Durmg operation of 
tfie iqyparatus, the sealing sleeve 942 preferably provides suppcm for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the siq^rt member 904 using 
the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
CTOss-section. 

30 The sealing sleeve 942 may be fabricated fit>m any number of conventional 

commercially available materials such as, for example, steel, aluminum or cast iron. 
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The sealing sleeve 942 is febricated from aluminum in oider to optimally provide 
drillability of the sealing sleeve 942. 

The outer surface of the sealing sleeve 942 includes one or more protrusions to 
facilitate the connection between the sealing sleeve 942 and the body of cement 932. 
5 The spacer 938 and the sealing sleeve 942 are integrally formed as a one-piece 

element in order to minimize the number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the sealing 
sleeve 942, and the body of cement 932. During operation of the apparatus 900, the 
upper cone retainer 944 preferably prevents axial motion of the e;q>ansion cone 928. 
10 Preferably, the upper cone retainer 944 has a substantiaUy annular cross-section. 

The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. The upper cone retainer 944 is fiibricated from aluminum in 
order to optimally provide drillability of the upper cone retainer 944. 

The upper cone retainer 944 has a cross-sectional shape designed to provide 
increased rigidity. The upper cone retainer 944 has a cross-sectional shape that is 
substantially I-shaped to provide increased rigidity and minimize die amount of 
materia] diat would have to be drilled out 

the lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926. 
the upper cone retainer 944. the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be Seated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. The lubricator mandrel 946 is &bricated from aluminum in 
order to optimally provide drillability of the lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the retainer 
924, the rubber cup 926, the upper cone retainer 944, the lubricator sleeve 948, and 
the guide 950. During operation of the apparatus 900. the lubricator sleeve 948 
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preferably siqqxnrts the rubber cup 926. Preferably, the lubricator sleeve 948 has a 
substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
The lubricator sleeve 948 is fabricated from aluminum in order to optimally provide 
drillability of the lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 couples the rubber cup 926 to tiie lubricator sleeve 948. Seals 949a and 
949b are jnnovided between the lubricator mandrel 946, lubricator sleeve 948, and 
rubber ci^ 926 in order to optimally seal off the int^ior region 972 of the tubular 
meniber 902. 

The guide 950 is coupled to the lubricator mandrel 946, die retainer 924, and 
die lubricator sleeve 948. During opmtion of the apparatus 900, the guide 950 
preferably guides die apparatus on die support member 904. Preferably, die guide 
950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
The guide 950 is fabricated from aluminum order to optimally provide drillability 
of die guide 950. 

The fluid passage 952 is coupled to die mandrel 906. During operation of die 
apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. 
The fluid passage 952 is positioned about the centerline of die apparatus 900. The 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures and 
flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to 
optimally provide pressures and flow rates to displace and circulate fluids during the 
installation of die qjparatus 900. 

The various elements of the mandrel 906 may be coiq^Ied using any number of 
conventional process such as, for example, threaded connections, welded 
connections or cementing. The various elements of die mandrel 906 are coiq)led 
using dureaded connections and cementing. 
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The shoe 908 preferably includes a housing 954. a body of cement 956, a 
sealing sleeve 958. an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower portion 
5 914 ofthe tubular member 902. During operation of the apparatus 900. the housing 
954 preferably couples the lower portion ofthe tubular member 902 to the shoe 908 

to fecilitate the extrusion and positioning ofthe tubular member 902. Preferably, the 
housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, steel or aluminum. ITje 
housing 954 is febricated from aluminum in order to optimally provide drillability of 
the housing 954. 

The interior sudace of the housing 954 includes one or more protrusions to 
facOitate the connecHon between the body of cement 956 and the housing 954. 
15 The body of cement 956 is coupled to the bousing 954, and the sealing sleeve 

958. The composition of the body of cement 956 is selected to pennit (he body of 
cement to be easily drilled out using conventional drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. A drillable material such as. for example, 
20 aluminum or iron may be substituted for the body of cement 956. 

The sealing sleeve 958 is coupled to Uie body of cement 956. the extension 
tiibe 960. the fluid passage 962, and one or more outiet jets 964. During operation 
of the apparatus 900. tiie sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 and 
tiien into the outiet jets 964 in order to inject tiie haidenable fluidic material into an 
annular region external to tiie tubular member 902. During operation of die 
apparatus 900. the scaling sleeve 958 fiather includes an inlet geometry tiiat permits 
a conventional plug or dart 974 to become lodged in tiie inlet of tfie sealing sleeve 
958. In tiiis manner, tiie fluid passage 962 may be blocked tiiereby fluidicly 
30 isolating tiie interior region 966 oftiiehibular member 902. 
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The sealing sleeve 958 has a substantially annular cross-section. The sealing 
sleeve 958 may be fabricated from any number of conventional commercially 
available materials such as, for example, steel, aluminum or cast iron. The sealing 
sleeve 958 is fabricated from aluminum in order to optimally provide drillability of 
S the sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage 
962, and one or more outlet jets 964. During operation of the apparatus 900» the 
extension tube 960 preferably is ad^ted to convey a hardenable fluidic material 
from the fluid passage 952 into the fluid passage 962 and then into the outlet jets 

10 964 in order to inject the hardenable fluidic material into an annular region external 
to Ae tubular member 902. During operation of the apparatus 900, the sealing 
sleeve 960 furflier includes an inlet geometry that permits a conventional plug or 
dart 974 to become lodged in die inlet of the sealing sleeve 958. In this manner, the 
fluid passage 962 is blocked thereby fluididy isolating tiie interior region 966 of the 

15 tubular member 902. One end of flie extension tube 960 mates with one end of the 
spacer 938 in order to optimally facilitate the transfer of material between the two. 

The extension tube 960 has a substantially annular cross-section. The 
extoision tube 960 may be fabricated from any number of conventional 
commercially available materials such as, for exanq>le, steel, aluminiun or cast iron. 

20 The extension tube 960 is fabricated from aluminum in order to optimally provide 
drillability of the extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension tube 
960, and one or more oudet jets 964. During operation of tiie aiq>aratus 900, the 
fluid passage 962 is preferably conveys hardenable fluidic materials. The fluid 

25 passage 962 is positioned about die coiterline of the apparatus 900. The fluid 
passage 962 is adapted to convey hardenable fluidic materials at pressures and flow 
rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in ord^ to 
optimally provide fluids at operationally efficient rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

30 960, and the fluid passage 962. During operation of die apparatus 900, the outlet 
jets 964 preferably convey hardoiable fluidic material from the fluid passage 962 to 
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the region exterior of the apparatus 900. The shoe 908 includes a plurality of outlet 
jets 964. 

The outlet jets 964 comprise passages drilled in the housing 954 and the body 
of cemrait 956 in order to sinq>lify the consfniction of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. The various elements of the shoe 908 are 
coupled using cement 

The assembly 900 is operated substantially as described above with reference 
to Figs. 1-8 to create a new section of casing in a wellbore or to rq>air a wellbore 
casing or pipeline. 

hi particular, in order to extend a wellbore into a subtemmean formation, a 
drill string is used in a well known manner to drill out material from the 
subterranean formation to form a new section. 

The apparatus 900 for foiming a wellbore casing in a subterranean formation is 
then positioned in the new section of the wellbore, He apparatus 900 mdudes the 
tubular member 915. A hardenable fluidic sealing hardenable fluidic sealing 
material is flien pun^ from a surface locsuion into the fluid passage 918. The 
hardenable fluidic sealing material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into the 
fluid passage 962. The hardenable fluidic sealing material then exits the apparatus 
900 via die outlet jets 964 and fills an annular region between the exterior of the 
tubular member 902 and the mterior wall of the new section of the wellbore. 
Continued pumping of the hardenable fluidic sealing material causes the material to 
fill \jp at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the annular 
region at pressures and flow rates ranging, for example, from about 0 to 5,000 psi 
and 0 to 1,500 gallons/min, respectively. The hardenable fluidic sealing material is 
pumped into the annular region at pressures and flow rates that are designed for the 
specific wellbore section in order to optimize die displacement of the hardenable 
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fluidic sealing material while not creating high enough circulating pressures such 
that circulation niig^t be lost and that could cause the wellbore to collapse. The 
optimum pressures and flow rates are preferably determined using conventional 
enq)irical methods. 

The hardenable fluidic sealing materia] may comprise any number of 
conventional commercially available hard^ble fluidic sealing materials such as, 
for ex^mp\e, slag mix, cement or epoxy. The hardenable fluidic sealing material 
connprises blended cemmts designed specifically for tbe well section being lined 
available from Halliburton Energy Services in Dallas, TX in order to optimally 
provide support for the new tubular member while also maintaining optimal flow 
characteristics so as to minimize operational difficulties during the displacement of 
the cement in the annular region. The optimum oonqiosition of flie blended cements 
is preferably determined using conventional empirical mediods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
membCT 902, the annular region of tiie new section of the wellbore will be filled 
with hardenable material. 

Once the annular region has been adeqxiately filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 fi-om the external annular region. A non hardenable fluidic 
material is then pumped into the interior region 966 causing the intoior region 966 
to i»€ssurize. The plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974, or oflier similar 
device into the non hardenable fluidic material. In fliis manner, the amount of cured 
material within the interior of the tubular members 902 and 91 5 is minimized. 

Once ttie interior region 966 becomes sufficiently pressurized, die tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
be fixed or it may be expandable. During the extrusion process, the mandrel 906 is 
raised out of the expanded portions of the tubular members 902 and 915 using the 
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support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into tiie fluid passage 918 at a surface location in a 
5 conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSC) latch-down plug. Omega latch-down 
plug or three-wiper latch down plug modified in accordance wifli the teachings of 
the present disclosure. The plug or dart 974 comprises a MSC latchnlown plug 
1 0 available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
pressures and flow rates ranging from appraximalely 500 to 9,000 psi and 40 to 
3,000 gallois/ndn in order to optimally extrude flie tubular membos 9QI2 and 915 
15 ofToftfae mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 91 5 off of the expandable mandrel will begin when the pressure of 
the interior region 966 reaches iq)proximately 500 to 9,000 psi. The extrusion of the 
tubular members 902 and 915 off of fte mandrel 906 begins when the pressure of 
20 the interior region 966 reaches approximately 1 ,200 to 8,500 psi with a flow rate of 
about 40 to 1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of flie 
expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. During the extrusion process, the mandrel 906 is 
25 raised out of die expanded portions of the tubular members 902 and 915 at rates 
ranging from about 0 to 2 ft/sec in order to optimally provide pulling speed fast 
enough to permit efficient operation and permit fiill expansion of the tubular 
members 902 and 915 prior to curing of the hardenable fluidic sealing material; but 
not so &8t that timely adjustment of operating parameters during operation is 
30 prevoited. 
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When the upper end portion of the tubular member 915 is extruded off of the 
mandrel 906, the outer surface of the upper end portion of the tubular member 915 
will preferably contact the interior surface of the lower end portion of tfie existing 
casing to form an fluid tight overlapping joint. The contact pressure of the 
overlapping joint may range, for example, from approximately 50 to 20,000 psi. 
The contact pressure of the overlapping joint between the upper end of ttie tubular 
member 915 and the existing section of wellbore casing ranges from approximately 
400 to 10,000 psi in order to optimally provide contact pressure to activate the 
sealing members and provide optimal resistance such that the tubular member 915 
and existing wellbore casing will carry typical tensile and compressive loads. 

The operating pressure and flow rate of the non hardenable fluidic material 
will be controUably ramped down when the mandrel 906 reaches the upper end 
portion of the tubular member 915. In this manner, the sudden release of pressure 
caused by the complete extrusion of the tubular member 91 5 off of the expandable 
mandrel 906 can be minimized. The operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has completed approximately all but about the last 
5 feet of the extrusion process. 

The operating pressure and/or flow rate of the hardenable fluidic sealing 
material and/or the non hardenable fluidic material are controlled during all phases 
of the operation of the ^aratus 900 to minimize shock. 

Alternatively, or in combination, a shock absOTber is provided in the support 
member 904 in order to absorb the shock caused by the sudden release of pressure. 

Altanatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

Once die extrusion process is completed, the mandrel 906 is removed from the 
wellbore. Eiflier before or after the removal of the mandrel 906, the integrity of the 
fluidic seal of the overlapping joint between the upper portion of the tubular member 
915 and the lower portion of the existing casing is tested using conventional 
methods. If the fluidic seal of the overlapping joint between the upper portion of the 
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tubular member 915 and the lower portion of the existing casing is satisfactory, then 
the uncured portion of any of the hardenable flddic sealing material within the 
expanded tubular member 915 is then removed in a conventional manner. The 
hardenable fluidic sealing material within the annular region between the expanded 
tubular member 91S and die existing casing and new section of wellbore is then 
allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing matoial within the 
interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a convaitional drill string. The resulting new section of 
casing preferably includes the expanded tubular members 902 and 915 and an outer 
annular layer of cured hardenable fluidic sealing material. The bottom portion of the 
apparatus 900 coraprismg the shoe 908 may then be removed by drilling out the 
shoe 908 using conventional drilling methods. 

During tiie extrusion process, it may be necessary to remove fte entire 
apparatus 900 from tiie interior of the wellbore due to a malfunction, bi ttds 
circumstance, a conventional drill string is used to drifl out the interior sections of 
die apparatus 900 in order to facilitate flie removal of the remaining sections. The 
intoior elements of tiie qjparatus 900 are fabricated from materials such as, for 
example, cement and aluminum, that permit a conventional drill siring to be 
enq}loyed to drill out the interior conqwnents. 

hi particular. The conqjositiwi of the interior sections of die mandrer906 and 
shoe 908, including one or more of the body of cement 932, the spacer 938, die 
sealing sleeve 942, the upper cone retainer 944, the lubricator mandrel 946. die 
lubricator sleeve 948, the guide 950, die housing 954, die body of cement 956, the 
sealing sleeve 958, and die extension tube 960, are selected to pennit at least some 
of diese conqwnoits to be drilled out using conventi<Hial drilling metiiods and 
apparatus. In diis manner, in die event of a malfunction downhole, the apparatus 
900 may be easily removed from die wellbore. 

Referring now to Figs. 10a, 10b, lOc, lOd, lOe, 10^ and lOg a mediod and 
apparatus for creating a tie-back Imer in a wellbore will now be described. As 
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illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 
a cement annulus 1014. The second casmg 1006 is formed by expanding a tubular 
member substantially as described above with refermce to Figs. l-9c or below with 
reference to Figs, lla-llf. 

An upper portion of the tubular liner 1012 overleq)s witii a lower portion of tfie 
tubular liner 1008. An outer surface of the upper portion of the tubular liner 1012 
includes one or more sealing members 1016 for providing a fluidic seal between the 
tubular linors 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends from tiie 
overlap between the first and second casmgs, 1004 and 1006, an apparatus 1100 is 
prefoxibly provided that includes an expandable mandrel or pig llOS, a tubular 
member 1110, a shoe 1115, one or more cap seals 1120, a fluid passage 1130, a 
fluid passage 1135, one or more fluid passages 1140, seals 1145, and a support 
member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
modified in accordance with the teachings of tibe present disclosure. The 
expandable mandrel 1 105 comprises a hydraulic expansion tool substantially as 
disclosed in U.S. Pat No. 5,348,095, die disclosure of which is incorporated herein 
by reference, modified in accordance witii the teachings of the present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1 105. The tubular member 1 105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1 110 may be 
&bricated fit)m any number of materials such as, for exanple, Oilfield Country 
Tubular Goods, 13 chromium tubing or plastic piping. The tubular member 11 10 is 
fabricated from Oilfield Country Tubular Goods. 
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The inner and outer diameters of the tubular member 1110 may range, for 
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
The inner and outer diameters of the tubular member 1110 range from about 3 to 
15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide coverage 
for typical oilfield casing sizes. The tubular member 1 1 10 preferably comprises a 
solid membo'. 

The upper end portion of die tubular member 1 1 10 is slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 1 105 when it completes the 
extrusion of tubular member 1110. The length of the tubular member 1110 is 
limited to minimize the possibility of buckling. For typical tubular member 1 1 10 
materials, Ae loigfli of the tubular member 1 1 10 is preferably limited to between 
about 40 to 20,000 feet in loigth. 

The shoe 1115 is coupled to die expandable mandrel 1105 and die tubular 
member 1 1 10. The shoe 1115 includes tiie fluid passage 1 135. The shoe 1 1 15 may 
comprise any number of conventional commercially available shoes such as, for 
example, Svpec Seal n float shoe. Super Seal U Down-Jet float shoe or a guide shoe 
wifli a sealing sleeve for a latch down plug modified in accordance with die 
teachings of the present disclosure. The shoe 1115 comprises an aluminum down- 
jet guide shoe with a sealing sleeve for a latch-down plug witii side ports radiating 
off of die exit flow port available from Halliburton Energy Services in Dallas, TX, 
modified in accordance with the teachings of die present disclosure, in order to 
optimally guide die tubular member 1100 to die overlap between flw tubuUir 
member 1100 and die casing 1012, optimally fluididy isolate the interior of die 
tubular member 1 100 after die latch down plug has seated, and optimally permit 
drilling out of the siioe 1115 after completion of die expansion and cementing 
operations. 

The shoe 1115 includes one or more side oudet ports 1140 in fluidic 
communication widi die fluid passage 1 135. In tiiis manner, die shoe 1 1 15 injects 
hardenable fluidic sealing material into die region outside die shoe 1 1 1 5 and tubular 
member 1 1 10. The shoe 1115 includes one or more of die fluid passages 1 140 each 
having an inlet geometry that can receive a dart and/or a ball sealing member. In 
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this manner, the fluid passages 1 140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1 130. 

The cup seal 1 120 is coupled to and supported by the support member 1 150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of the 

5 tubular member 1 1 10 adjacent to the expandable mandrel 1 105. The cup seal 1 120 
may comprise any number of conventional commercially available cup seals such 
as, for exaiiq>le, TP cups or Selective Injection Packo- (SIP) cups modified in 
accordance with tiie teadiings of the present disclosure. The cup seal 1120 
comprises a SIP cup, available from Halliburton Enei^gy Services in Dallas, TX in 

10 order to optimally provide a barrier to debris and contam a body of lubricant. 

The fluid passage 1 130 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1 1 10 below the Mpandable mandrel 1 105. 
The fluid passage 1130 is coupled to and positioned witiiin the support mismber 
1 150 and the expandable mandrel 1 105. The fluid passage 1 130 preferably extends 

15 fix>m a position adjacent to the surface to the bottom of the expandable mandrel 
1105. The fluid passage 1130 is preferably positioned along a centeriine of the 
apparatus 1 100. The fluid passage 1 130 is preferably selected to transport materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 gallons/mmute and 0 to 9,000 psi in order to optimally provide 

20 sufficient operating pressures to circulate fluids at q)erationally efficient rates. 

The fluid passage 1135 permits fluidic matcdals to be transmitted from fluid 
passage 1130 to the interior ofthe tubular member 11 10 below Ifae mandrel 1105. 

The fluid passages 1 140 pmnits fluidic materials to be transpCNted to and fix>m 
theregionexterior to tiie tubular member 11 10 and shoe 1115. The fluid passages 

25 1 140 are coupled to and positioned within tfie shoe 1 1 15 in fluidic conmiumcation 
with the interior region of the tubular member 1 1 10 below tihe e>q>andab1e mandrel 
1 105. The fluid passages 1 140 preferably have a cross-sectional shape that pmnits 
a plug, or other similar device, to be placed in ttie fluid passages 1140 to thereby 
block further passage of fluidic materials. In this manner, the interior region ofthe 

30 tubular member 1110 below the expandable mandrel 1 105 can be fluidicly isolated 
from the region exterior to the tubular member 1105. This permits the interior 



regicm of tfie tubular member 1110 below the expandable mandrel llOS to be 
pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1 1 15. The fluid passages 1 140 are preferably selected to convey materials such 
as cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1110 and the tubular liner 1008 with fluidic 
materials. The fluid passages 1 140 include an inlet geometry that can receive a dart 
and/or a ball sealing member. In this manner, the fluid passages 1 140 can be scaled 
off by introducing a plug, dart and/or ball sealing elements into the fluid passage 
1 130. The apparatus 1 100 includes a plurality of fluid passage 1 140. 

The base of the shoe 1 1 15 includes a single inlet passage coupled to the fluid 
passages 1 140 that is adapted to receive a plug, or other similar device, to permit the 
intmor region of the tubular member 1 1 1 0 to be fluidicly isolated from the exterior 
of die tubular meniber 1 1 10. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. Theseals 1145 are further positioned on an outer surface of 
the lower end portion of the tubular member 1110. The seals 1145 permit the 
overiapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1 1 1 0 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon or epoxy seals modified in 
accordance wifli the teachings of the present disclosure. The seals 1145 conqmse 
seals molded from Stratalock epoxy available from Halliburton Energy S^ces in 
Dallas, TX in order to optimally provide a hydraulic seal in the overlapping joint 
and optimally provide load carrying capacity to withstand the range of typical tensile 
and corripressive loads. 

The seals 1 145 are selected to optimally provide a sufficient fiictional force to 
support the expanded tubular member 1110 from the tubular liner 1008. The 
fnctional force provided by the seals 1 145 ranges from about 1,000 to 1,000,000 Ibf 



in tension and compression in order to optimally support the expanded tubular 
member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, tubular 
memb^ II 10, shoe 1115, and seal 1120. The support member 1150 pref(^bly 
5 con^nises an annular member having sufficient strength to cany the apparatus 1 100 
into the wellbore 1000. The support member 1150 fiirfher includes one or more 
conventional cmtralizers (not illustrated) to help stabilize the tubular member 1 1 10. 

A quantity of lubricant 1150 is provided in the annular region above the 
expandable mandrel 1 105 within tiie interior of the tubular member 1110. In tiiis 

10 manner, the extrusion of the tubular member 11 10 off of tiie expandable mandrel 
1 105 is fiicilitated The lubricant 1 150 may comprise any number of conventional 
commerdally available lubricants such as, for example, Lubriplate, chlorine based 
lubricants or Qimax 1500 Antiseize (3100). The lubricant 1150 comprises Climax 
1500 Antiseize (3100) available from Climax Lubricants and Equipment Co. in 

1 5 Houston, TX in order to optimally provide lubrication for the extrusion process. 

The support member 1150 is thoroughly cleaned prior to assembly to the 
remaining portions of tiie apparatus 1100. In this manner, the introduction of 
foreign material into the apparatus 1100 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 

20 apparatus 1 100 and to ensure that no foreign material interferes with the expansion 
mandrel 1 105 during the extrusion process. 

The apparatus 1 100 includes a padcer 1 155 coiq)led to the bottom secticoi of 
the shoe 1115 for fluidicly isolating the region of the wellbore 1000 below die 
ai^)aratus 1100. In tiiis mann^, fluidic materials are prevented from entering the 

25 region of tiie wellbore 1000 below the apparatus 1100. The padc^ 1155 may 
conprise any nunibor of conventional commercially available packers such as, for 
example, EZ Drill Packer, EZ S V Packer or a drillable cement retainer. The packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas, TX. A high gel strength pill may be set below the tie-back in place of the 

30 packer 1155. The packer 1 1 55 may be omitted. 
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Before or after positioning the apparatus 1100 within the wellbore 1100, a 
couple of wellbore volumes are circulated in order to ensure that no foreign 
materials are located within the wellbore 1000 that might clog up the various flow 
passages and valves of the apparatus 1 100 and to ensure that no foreign material 
interfo^s with the operation of the expansion mandrel 1 105. 

As illustrated in Fig. lOc. a hardenable fluidic sealing material 1160 is then 
pumped from a surface location into the fluid passage 1 130. The material 1 160 then 
passes from the fluid passage 1 130 into the interior region of the tubular member 
11 10 below the expandable mandrel 1105. The material 1160 then passes ftxmi the 
interior region of the tubular member 1110 mto the fluid passages 1140. The 
material 1 160 then exits the apparatus 1 100 and fills the annuhir region between the 
exterior of the tubular member 1 1 10 and the interior waU of the tubular liner 1008. 
Continued pumpmg of the material 1 160 causes the material 1 160 to fill up at least a 
portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
gallons/min. respectively. The material 1 160 is pumped into the annular region at 
pressures and flow rates specifically designed for the casing sizes being run, the 
annular spaces being filled, the pumping equipment available, and the properties of 
the fluid being pixmptd. The optimum flow rates and pressures are preferably 
calculated using conventional enpirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. The hardenable fluidic sealing material 
1 160 comprises blended cements specifically designed for weU section being tied- 
back, available from Halliburton Energy Services ia Dalhis, TX in order to optimally 
provide proper support for the tubular member 1110 while maintainmg optimum 
flow characteristics so as to minimize operational difficulties during the 
displacement of cement in the annular region. The optimum blend of the blended 
30 cements are preferably determined using conventional empirical methods. 
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The annular region may be filled with the material 1 160 in sufficient quantities 
to ensure that, upon radial expansion of the tubular member 1 11 0, the annular region 
will be filled with material 1 160. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
5 with material 1 160, one or more plugs 1 165, or other similar devices, preferably are 
introduced into the fluid passages 1 140 tfiercby fluidicly isolating the interior region 
of the tubular member 1110 firom the annular regicm external to the tubular member 
1110. A non hardenable fluidic material 1161 is then pumped into Ae interior 
region of flie tubular member 1110 below the mandrel 1105 causing the interior 
10 region to pressurize. The one or more plugs 1165, or other similar devices, are 
introduced into the fluid passage 1140 with the introduction of tfie non hardenable 
fluidic material. In this manner, the amount of hardenable fluidic material within 
tfie interior of the tubular member 1 1 10 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
15 pressurized, the fibular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
20 conventional manner. The plugs 1 165 may conprise any number of conventional 
commercially available devices fit>m pluggmg a fluid passage such as, for example, 
brass balls, plugs, rubber balls, or darts modified in accordance with the teadiings of 
the ]nesent disclosure. 

The plugs 1 165 conqirise low density rubber balls. For a shoe 1 105 having a 
25 common central inlet passage, die plugs 1 1 65 compnse a single latch down darL 

After placement of the plugs 1165 in Ae fluid passages 1140, the non 
hardenable fluidic material 1 161 is preferably punq^ed into the interior region of the 
tubular member 1110 below the mandrel 1 105 at pressures and flow rates ranging 
from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
30 After placement of the plugs 1165 in the fluid passages 1 140, the non hardenable 
fluidic material 1 161 is preferably punqjed into the interim region of the tubular 
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member 1110 below the mandrel 1105 at pressures and flow rates ranging from 
approximately 1200 to 8500 psi and 40 to 1250 gallons/min in order to optimally 
IM'ovide extrusion of typical tubulars. 

For typical tubular members 1 1 10, the extrusion of the tubular member 1110 
5 off of the expandable mandrel 1 105 will begin when the pressure of the interior 
region of the tubular member 1 1 10 below the mandrel 1 105 reaches, for example, 
approximately 1200 to 8500 psi. The extrusion of the tubular member 1110 off of 
the expandable mandrel 1 105 begms when the pressure of the interior region of the 
tubular member 1110 below the mandrel 1 105 reaches ^proximately 1200 to 8500 
10 psi. 

During the extrusion process, the expandable mandrel 1 105 may be raised out 
of the expanded portion of the tubular member 11 10 at rates ranging, for example, 
from about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel 1 105 
is raised out of the expanded portion of the tubular member 1 1 10 at lates ranging 
15 from about 0 to 2 fl/sec in order to optimaUy provide permit adjustment of 
operational parameters, and optimaUy ensure that the extrusion process will be 
conqjleted before the material 1 1 60 cures. 

At least a portion 1 180 of the tubuhff member 1 1 10 has an internal diameter 
less than the outside diameter of the mandrel 1105. hi this manner, when the 
mandrel 1105 expands the section 1180 of the tubular member 1110, at least a 
portion of the expanded section 1 180 effects a seal with at least the wellbore casing 
1012. TTie seal is effected by compressing the seals 1016 between the expanded 
section 1180 and the wellbore casing 1012. The contact pressure of the joint 
between the expanded section 1 180 of the tubular member 1 1 10 and the casing 1012 
ranges from about 500 to 10,000 psi in order to optimally provide pressure to 
activate the sealing members 1 145 and provide optimal resistance to ensure fliat the 
joint will withstand typical extremes of tensUe and compressive loads. 

Substantially all of the entire length of the hibular member 1110 has an 
internal diameter less than the outside diameter of the mandrel 1 105. In this manner, 
extrusion of the tubular member 1110 by the mandrel 1105 results in contact 
between substantially all of the expanded tubular member 1110 and tfie existing 



20 



25 



I 

! 



casing 1008, The contact pressure of the joint between the expanded tubular 
member 1 1 10 and the casings 1 008 and 1 01 2 ranges from about 500 to 1 0,000 psi in 
order to optimally provide pressure to activate the sealing members 1145 and 
provide optimal resistance to ensure that the joint will withstand typical extremes of 
5 tensile and compressive loads. 

The operating pressure and flow rate of the material 1161 is controUably 
ramped down when the expandable mandrel 1 105 reaches the upper end portion of 
the tubular member 1110. In this manner, the sudden release of pressure caused by 
the complete extrusion of the tubular member 1 1 10 off of the expandable mandrel 

10 1105 can be minimized. The operating pressure of the fluidic material 1161 is 
reduced in a substantially linear £ishion from 100% to about 10% during the end of 
the extrusion process beginning when the mandrel 1105 has completed 
approximately all but about 5 feet of the extrusion process. 

Alternatively, or in conibination, a shock absorber is provided in the support 

15 member 1 ISO in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig. lOf, once the extrusion process is conq>leted, the expandable 

20 mandrel 1 105 is removed from fee wellbore 1000. Either before or after the 
removal of the expandable mandrel 1 1 05, the integrity of the fluidic seal of the joint 
between the upper portion of the tubular member 1 1 10 and the upper portion of the 
tubular liner 1 108 is tested using conventional methods. If the fluidic seal of the 
joint between the upper portion of flie tubular member 1110 and the upper portion of 

25 tfie tubular liner 1008 is satisfactory, then the uncured portion of flie material 1 160 
within the expanded tubular member 1110 is then removed in a conventional 
manner. The material 1 160 within fee annular region between ttie tubular member 
1110 and the tubular liner 1 008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1 160 within 

30 the interior of the expanded tubular member 1 1 10 is then removed in a convmtional 
manner using a conventional drill string. The resulting tie-back liner of casing 1 170 



includes the expanded tubular member 1110 and an outer annular layer 1175 of 
cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 1 100 
comprising the shoe 1115 and packer 1 155 is then preferably removed by drilling 
out the shoe 1 1 15 and packer 1 155 using conventional drilling methods. 

The apparatus 1 1 00 incorporates the apparatus 900. 

Referring now to Figs. 1 la- 1 If, an apparatus and method for hanging a tubular 
liner off of an existing wellbore casing will now be described. As illustrated in Fig. 
1 la, a wellbore 1200 is positioned in a subterranean formation 1205. The wellbore 
1200 includes an existing cased section 1210 having a tubular casing 1215 and an 
annular outer layer of cement 1220. 

In order to extend the wellbcMrc 1200 into tiie subterranean formation 1205, a 
drill string 1225 is used in a well known mann^ to drill out material from die 
subterranean formation 1205 to form a new section 1230. 

As illustrated in Fig. l ib, an apparatus 1300 for forming a wellbore casing in a 
subtmanean formation is then positioned in the new section 1230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, a 
tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 
fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345, The expandable mandrel 1305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commerdally available e^qiandable mandrels modified in 
accordance widi the teachings of the present disclosure. The expandable mandrel 
1305 conq)rises a hydraulic expansicm tool substantially as disclosed in U.S. Pat 
No. 5,348,095, flie disclosure of which is incorporated herein by referrace, modified 
in accordance with tiie teachings of ttie present disclosure. 

The tubular member 1310 is coupled to and si^orted by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in Ae radial 
direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated firan any number of materials such as, for example. Oilfield 



Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic casing. 
The tubular member 1310 is fabricated from OCTG. The inner and outer diameters 
of the tubular member 1310 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. The inner and outer diameters of the 
tubular member 1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping cflFect in the most 
commonly encountered wellbore sizes. 

The tubular member 1310 includes an upper portion 1355, an intermediate 
portion 1360, and a lower portion 1365, The wall thickness and outer diameter of 
flie upper portion 1355 of flie tubular member 1310 range from about 3/8 to 1 V% 
mches and 3 !4 to 16 inches, respectively. The wall thickness and outer diameter of 
the intermediate portion 1360 of tfie tubular member 1310 range from about 0.625 to 
0.75 inches and 3 to 19 inches, respectively. The wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 3/8 to 1.5 
inches and 3.5 to 16 inches, respectively. 

The outer diameter of the lower portion 1365 of the tubular member 1310 is 
significantly less than the outer diameters of the upper and intermediate portions, 
1355 and 1360, of the tubular member 1310 in order to optimize the formation of a 
concentric and overlapping arrangement of wellbore casings, hi this manner, as will 
be described below with reference to Figs. 12 and 13, a wellhead system is optimally 
provided. The formation of a wellhead system does not include the use of a 
hardenable fluidic material 

The wall thickness of the mtermediate section 1360 of the tubular member 
1310 is less than or equal to the wall thickness of the upper and lower sections, 1355 
and 1365, of the tubular membin* 1310 in order to optimally facilitate the initiation 
of the extrusion process and optimally permit the placement of the qiparatus in areas 
of the wellbore having ti^t clearances. 

The tubular memb^ 1310 preferably comprises a solid member. The upper 
end porticm 1355 of the tubular member 1310 is slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 1305 when it completes the extrusion of 
tubular member 1310. The length of the tubular member 1310 is limited to 



mmimize the possibility of buckling. For typical tubular member 1310 materials, 
the length of the tubular member 1310 is preferably limited to between about 40 to 
20,000 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
5 preferably includes fluid passages 1330 and 1335. The shoe 1315 may con^rise any 
number of conventional commercially available shoes such as, for exanqjle. Super 
Seal II float shoe, Super Seal II Down- Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. The shoe 1315 con^ses an aluminimi down-jet guide shoe 

10 with a sealing sleeve for a latch-down plug available from Halliburton Energy 
Services in Dallas, TX, modified in accordance with the teadiings of the present 
disclosure, in order to optimally guide fte tubular member 1310 into the wellbore 
1200, optimally fluidicly isolate the interim of the tubular membo: 1310, and 
optimally permit the complete drill out of the shoe 1315 upon the completion of the 

1 5 extrusion and cementing operations. 

The shoe 1315 further includes one or more side outlet ports in fluidic 
communication with the fluid passage 1330. In this manner, flie shoe 1315 
preferably injects hardenable fluidic sealing material into the region outside the shoe 
1315 and tubular member 1310. The shoe 1315 includes the fluid passage 1330 

20 having an inlet geometry that can receive a fluidic sealing member. In this manner, 
the fluid passage 1330 can be sealed off by introducing a plug, dart and/or ball 
sealing elements into the fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from 
the interior region of the tubular member 1310 below the expandable mandrel 1305. 

25 The fluid passage 1320 is coupled to and positioned widiin the suppcnt member 
1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
irom a position adjacent to the surfiice to the bottom of the expandable mandrel 
1305. The fluid passage 1320 is preferably positioned along a centerline of &e 
apparatus 1300. The fluid passage 1320 is preferably selected to transport materials 

30 such as cement, drilling mud, or epoxies at flow rates and pressures ranging fi-om 
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about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order to optimally provide 
sufficient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic communication 
wiA Ae interior region 1370 of flie tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug, or other similar device, to be placed in fluid passage 1330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 of 
the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from tibe region exterior to the tubular member 1310. This permits the 
interior region 1370 of fte tubular member 1310 below the expandable mandrel 
1305 to be pressurized. The fluid passage 1330 is preferably positioned 
substantially along flie centerline of flie apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill tfie annular region 
between flie tubular member 1310 and the new section 1230 of the wellbore 1200 
wifli fluidic materials. The fluid passage 1330 includes an inlet geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 1330 
can be sealed off by introducing a plug, dart and/or ball sealing elements into flie 
fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from 
flie region exterior to the tubular memb^ 1310 and shoe 1315. The fluid passage 
1335 is coi4)led to and positioned within the shoe 1315 in fluidic communication 
wifli the fluid passage 1330. The fluid passage 1335 is preferably positioned 
substantially along the centerline of the q>paratus 1300. The fluid passage 1335 is 
preferably selected to convey materials such as cement, drilling mud or epoxies at 
flow rates and pressures ranging fix>m about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to optimally fill Ae annular region between the tubular member 
1 3 1 0 and the new section 1 230 of flie wellbore 1 200 with fluidic materials. 
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The seals 1340 axe coupled to and supported by the upper end porticm 13SS of 
the tubular member 1310. The seals 1340 are further positioned on an outer surface 
of the upper end portion 1355 of the tubular member 1310. The seals 1340 permit 
the overlapping joint between the lower end portion of the casing 1215 and the 
5 upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The seals 
1340 may comprise any nuiriber of conventional commercially available seals such 
as, for example, lead, rubber. Teflon, or epoxy seals modified in accordance with the 
teachings of the present disclosure. The seals 1340 comprise seals molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 
10 to optimally provide a hydraulic seal in the annulus of ttie overlapping joint while 
also creating optimal load bearing capability to widistand typical tensile and 
compressive loads. 

The seals 1340 are selected to optimally provide a sufficient fiictional force to 

support the expanded tubular meniber 1310 from Ae existing casing 1215. The 
15 frictional force provided by the seals 1340 ranges from about 1 fiOO to 1 .000,000 Ibf 

in order to optimally suj^rt the expanded tubular member 1310. 

The support member 1345 is coiq)led to the expandable mandrel 1305, tubular 

member 1310, shoe 1315, and seals 1340. The support member 1345 preferably 

conq)rises an annular member having sufficient strength to cany the apparatus 1300 
20 into the new section 1230 of the wellbore 1200. The support member 1345 further 

includes one or more conventional centralizers (not illustrated) to help stabilize the 

tubular member 1310. 

The support member 1345 is thoroughly cleaned prior to assembly to the 

remaining portions of the apparatus 1300. In this manner, the introduction of 
25 foreign material into the £q)paratus 1300 is minimized. This minimizes the 

possibility of foreign material clogging the various flow passages and valves of die 

ai^aratus 1300 and to ensure that no foreign material int^eres with the expansion 

process. 

The wiper plug 1350 is coupled to the mandrel 1305 wifliin the interior region 
30 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
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one or more conventional commercially available wiper plugs sudi as, for exanq)le, 
Multiple Stage Cementer latch-down plugs. Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present disclosure. 
The wiper plug 1350 comprises a Multiple Stage Cementer latch-down plug 
available from HalUburton Energy Services in Dallas, TX modified in a 
conventional manner for releasable attachment to the expansion mandrel 1305. 

Before or after positioning tfie apparatus 1300 within the new section 1230 of 
the wellbore 1200, a couple of wellbore volumes are circulated in order to ensure 
that no foreign materials are located within the wellbore 1200 thai might clog up the 
various flow passages and valves of the apparatus 1300 and to ensure that no foreign 
material int^eres with die extrusion process. 

As Ulustrated in Fig. 11c, a hardenable fluidic sealing materia 1380 is dien 
pumped from a surfrice location into the fluid passage 1320. The matmal 1380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of ttie tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 
passage 1330. The matoial 1380 then exits the ^aratus 1300 via tfie fluid passage 
1335 and fills the annular region 1390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1230 of the wellbore 1200. Continued 
pun^iing of die material 1380 causes the material 1380 to fill up at least a portion of 
the annular region 1 390. 

The material 1380 may be pumped into the annular region 1390 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gallons/min, respectively. The material 1380 is pumped into the annular region 
1390 at pressures and flow rates rangmg firom about 0 to 5000 psi and 0 to 1»500 
gallons/min, respectively, in order to optimally fill the annular region between the 
tubular member 1310 and the new section 1230 of die wellbore 1200 with die 
hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing matmal 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for exan:q>le, slag mix, cement or epoxy. The hardenable fluidic sealing material 



1380 comprises blended cements designed specifically for the weU section being 
drilled and available from Halliburton Eno'gy Services in order to optimally provide 
support for the tubular member 1310 during displacement of the material 1 380 in the 
annular region 1390. The optimum blend of the cement is preferably determined 
5 using conventional en^irical methods. 

The annular region 1390 preferably is filled with flie material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
filled with material 1380. 

10 As illustrated in Fig. lid, once the annular region 1390 has been adequately 

filled with material 1380, a mpcr dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

15 As illustrated in Fig. lie, engagement of tfie wipCT dart 1395 with the wiper 

plug 1350 causes the wiper plug 1350 to decouple from the mandrel 1305. The 
wiper dart 1395 and.wiper plug 1350 then preferably will lodge in the fluid passage 
1330, thereby blocking fluid flow through tfie fluid passage 1330, and fluidicly 
isolating the interior region 1370 of the tubular member 1310 fi-om the armular 

20 region 1390. The non hardenable fluidic material 1381 is then pumped into flie 
interior region 1370 causing the interior region 1370 to pressurize. Once the interior 
region 1370 becomes sufficiently pressurized, the tubular member 1310 is extruded 
off of die expandable mandrel 1305. During the extrusion process, the expandable 
mandrel 1305 is raised out of the expanded portion of the tubular member 1310 by 

25 the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location in a 
conventional manner. The wiper dart 1395 may conqnise any number of 
convmtional commercially available devices from plugging a fluid passage such as, 

30 for example. Multiple Stage Ceroentor latch-down plugs. Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of the 



present disclosure. The wiper dart 1395 comprises a three wiper latch-down plug 
modified to latch and seal in the Multiple Stage Cementer latch down plug 1350. 
The three wiper latch-down plug is available from Halliburton Energy Services in 
Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
dart 1395, the non hardenable fluidic material 1381 may be pumped into the interior 
region 1 370 at pressures and flow rates ranging, for example, from approximately 0 
to 5000 psi and 0 to 1,500 gallons/min in order to optimally extrude the tubular 
member 1310 off of the mandrel 1305. In fliis manner, the amount of hardenable 
fluidic material within the interior of the tubular member 1310 is minimized. 

After blocking the fluid passage 1330, the non haidenable fluidic material 
1381 is preferably pumped into flie interior region 1370 at pressures and flow rates 
ranging fix>m approximately 500 to 9.000 psi and 40 to 3,000 gaUons/min in order to 
optimally provide qjerating pressures to maintain the expansion process at rates 
sufficient to permit adjustmoits to be made in operating parameters during the 
extrusion process. 

For typical tubular members 13 10, the extrusion of the tubular member 1310 
off of die expandable mandrel 1305 will begin v/ben the pressure of the interior 
region 1370 reaches, for example, approximately 500 to 9,000 psi. The extrusion of 
the tubular member 1310 off of the expandable mandrel 1305 is a fimction of flie 
tubular member diameter, wall thickness of the tubdar member, geometiy of the 
mandrel, the type of lubricant, the composition of the shoe and tubular member, and 
fte yield strengfli of the tubular member. The optimum flow rate and operating 
pressures are preferably detmnined using conventional empirical methods. 

During the extrusion ixocess, the expandable mandrel 1305 may be raised out 
of flie expanded portion of ihe tubular menOxT 1310 at rates ranging, fi>r example, 
from about 0 to 5 ft/sec. During the extrusion process, the expandable mandrel 1 305 
may be raised out of the expanded portion of (he tubular member 1310 at rates 
ranging ftwn about 0 to 2 ft/sec in order to optimally provide an efficient process, 
opthnally permit operator adjustment of operation parameters, and ensure optimal 
conq}letion of die extrusion process before curing of die material 1380. 



When the upper end portion 1355 of the tubular member 1310 is extruded off 
of the expandable mandrel 1305, die outer surface of the upper end portion 1355 of 
ttie tubular member 1 3 1 0 will preferably contact the interior surface of the lower end 
portion of the casing 1215 to form an fluid tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 to 
20,000 psi. The contact pressure of the overlapping joint ranges from approximately 
400 to 10,000 psi in order to optimally provide contact pressure sufficient to ensure 
annular sealing and provide enough resistance to withstand typical tensile and 
compressive loads. The sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overlapping joint. 

The operating pressure and flow rate of the non hardenable fluidic material 
1381 is controllably ramped down when the expandable mandrel 1305 reaches die 
upper end portion 1355 of the tubular member 1310. In this manner, the sudden 
release of pressure caused by the complete extrusion of the tubular member 13 10 off 
of die expandable mandrel 1305 can be minimized. The operating pressure is 
reduced in a substantially linear fashicm &om 100% to about 10% during the end of 
the extrusion process beginning when the mandrel 1305 has completed 
approximately all but about 5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once tiiie extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. Eidier before or after the i^oval of die 
expandable mandrel 1305, die integrity of die fluidic seal of die ovali^ing joint 
between the upper portion 1355 of die tubular member 1310 and die lower portion 
of die casing 1215 is tested using conventional mediods. If die fluidic seal of the 
overlappmg joint between die upper portion 1355 of die tubular member 1310 and 
the lower portion of the casing 1215 is satis&ctory, dien die uncured portion of the 
material 1380 within die e>q)anded tubular member 1310 is tiien removed in a 



conventional manner. The material 1380 within the annular region 1390 is then 
allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 witiiin 
the interior of the expanded tubular member 1310 is then removed in a conventional 
manner using a conventional drill string. The resulting new section of casing 1400 
includes the expanded tubular member 1310 and an outer annular layer 1405 of 
cured material 305. The bottom portion of the apparatus 1300 comprising tiie shoe 
1315 may then be removed by drillmg out the shoe 1315 using conventional drilling 
methods. 

Referring now to Figs. 12 and 13, a wellhead system 1500 fiwmed using one or 
more of ttie apparatus and processes described above wifli reference to Figs. 1-1 If 
will be described. The wellhead system 1500 preferably includes a conventional 
Christmas tree/drilling q)ool assembly 1505, a thick wall casing 1510, an annular 
body of cement 1515, an outer casing 1520, an annular body of cement 1525, an 
intomediate casing 1530, and an inner casing 1 535. 

The Christinas tree/drilling spool assembly 1505 may comprise any number of 
convCTtional Christmas tree/drilling spool assemblies such as, for example, the SS- 
15 Subsea Wellhead System, Spool Tree Subsea Production System or the Conqjact 
Wellhead System available from suppliers such as Dril-Quip, Cameron or Breda, 
modified in acconlance with the teachings of the present disclosure. The drilling 
q)ool assembly 1505 is preferably operably coupled to the thick wall casing 1510 
and/or tiie outer casing 1520. The assembly 1505 may be coupled to the fliick wall 
casing 1510 and/or outer casing 1520, for example, by welding, a threaded 
connection or made from single stock. The assembly 1505 is coapled to the tiiick 
wall casing 1510 and/or outer casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper end of a wellbore 1540. 
At least a portion of the thick wall casing 1510 extends above the surfece 1545 in 
order to optimally provide easy access and attachment to the Christinas tiws/drilling 
spool assembly 1505. The thick wall casing 1510 is preferably coupled to the 
Christinas ttee/drilling spool assenibly 1505, the annular body of cement 1515, and 
tiie outer casing 1 520. 
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The thick wall casing 1510 may comprise any number of conventional 
commercially available high strengfli wellbore casings such as, for exanqile. Oilfield 
Countiy Tubular Goods, titanium tubing or stainless steel tubing. The thick wall 
casing 1510 comprises Oilfield Country Tubular Goods available from various 
5 foreign and domestic steel mills. The thick wall casing 1510 has a yield strength of 
about 40,000 to 135,000 psi in order to optimally provide maximum burst, collapse, 
and tensile strengths. The thick wall casing 1510 has a failure strength in excess of 
about 5,000 to 20,000 psi in order to optimally provide maximimi operating capacity 
and resistance to degradation of capacity after being drilled through for an extended 
10 time period. 

The annular body of cement 1515 provides support for the thick wall casing 
1510. The annular body of cement 1515 may be provided using any nunibCT of 
conventional processes for forming an annular body of cement in a wellbore. The 
annular body of cement 1515 may comprise any number of conventional cement 
15 mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated fiom any number of conventional commercially 
available tubular members modified in accordance witii the teachings of the present 
disclosure. The outer casing 1520 comprises any one of the expandable tubular 

20 members described above with reference to Figs. 1 - 1 1 f 

The outer casing 1520 is coupled to the thick wall casing 1510 by expanding 
the outer casing 1520 into contact with at least a portion of the interior surface of the 
thick wall casing 1510 using any one of the processes and apparatus desoibed above 
with reference to Figs. 1-1 If Substantially all of the overlap of the out^ casing 

25 1520 with the thick wall casing 1510 contacts with the interior surface of tiie thick 
wall casing 1510. The contact pressure of the interface between ttie oiiter casing 
1520 and the thick wall casing 1510 may range, for example, from about 500 to 
10,000 psi. The contact pressure between the outer casing 1520 and the tiiick wall 
casing 1510 ranges from about 500 to 10,000 psi in order to optimally activate tiie 

30 pressure activated sealing members and to ensure that the overlqiping joint will 




optimally withstand typical extremes of tensile and compressive loads that are 
experienced during drilling and production operations. 

As illustrated in Fig. 13, The upper end of the outer casing 1520 includes one 
or more sealing members 1550 that provide a gaseous and fluidic seal between the 
5 expanded outer casing 1520 and the interior wall of the thick wall casing 1510. The 
sealing members 1550 may comprise any number of conventional commercially 
available seals such as, for example, lead, plastic, rubber. Teflon or cpoxy, modified 
in accordance with the teachmgs of the present disclosure. The sealing members 
1550 comprise seals molded fit>m StrataLock epoxy available fi-om Halliburton 
10 Energy Services in order to optimally provide an hydraulic seal and a load bearing 
interference fit between the tubular members. The contact pressure of flie interface 
between the thick wall casing 1510 and the outer casing 1520 ranges from about 500 
to 10,000 psi in order to optimally activate the sealing members 1550 and also 
optimally ensure that the joint will withstand the typical operating extremes of 
15 tensile and compressive loads during drilling and production operations. 

The outer casing 1520 and the thick walled casing 1510 are combined in one 
unitary member. 

The annular body of cement 1525 provides support for the outer casing 1520. 
The annular body of cement 1525 is provided using any one of the apparatus and 
processes described above with reference to Figs. 1-1 If. 

The intermediate casing 1530 may be coupled to the outer casing 1520 or the 
thick wall casing 1510. The intermediate casing 1530 is coupled to the thick wall 
casing 1510. The mtermediale casing 1530 may be fibricated from any number of 
conventional commercially available tubular members modified in accordance with 
the teachings of the present disclosure. The intermediate casing 1530 comprises any 
one of the cxpaadabk tubidar membos desoibed above wifli reference to Figs. 1- 
llf 

The intermediate casing 1530 is coupled to the thick wall casing 1510 by 
expanding at least a portion of the intermediate casing 1530 into contact with the 
interior surface of the thick wall casmg 1510 using any one of the processes and 
apparatus described above with reference to Figs. 1-11 f. The entire length of the 



overlsq) of die intermediate casing 1530 with the thick wall casing 1510 contacts the 
inner surface of the ttiick wall casing 1510. The contact pressure of the interface 
between flie intermediate casing 1530 and the thick wall casing 1510 may range, for 
exanqjle from about 500 to 10,000 psi. The contact pressure between the 
5 intermediate casing 1530 and the thick wall casing 1510 ranges from about 500 to 
10,000 psi in order to optimally activate the pressure activated sealing menibers and 
to optimally ensure that the joint will withstand typical operating extremes of tensile 
and concessive loads experienced during drilling and production operations. 

As illustrated in Fig. 13, The upper end of the intermediate casing 1530 

10 includes one or more sealing members 1560 that provide a gaseous and fiuidic seal 
between the expanded end of flie mtermediate casing 1530 and the interior wall of 
the thidc wall casing 1510. The sealing members 1560 may conqirise any number 
of conventional commercially available seals such as, for exanq)le, plastic, lead, 
rubber, Teflon or epoxy, modified in accordance with the teachings of die present 

15 disclosure. The sealing members 1560 comprise seals molded from StrataLock 
epoxy available from Halliburton Energy Services in order to optinnlly provide a 
hydraulic seal and a load bearing interference fit between the tubular members. 

The contact pressure of the interfistce between the expanded end of flie 
intermediate casing 1530 and the thick wall casing 1510 ranges fix>m about 500 to 

20 10,000 psi in order to optimally activate the sealing members 1560 and also 
optimally ensure that the joint will withstand typical operating extremes of tensile 
and conq>ressive loads that are experienced during drilling and production 
operations. 

The inner casmg 1535 may be coupled to die outer casing 1520 or the thick 
25 wall casing 1510. The inner casing 1535 is coupled to the thick wall casing 1510. 
The inner casing 1535 may be fabricated fix)m any number of conventional 
commercially available tubular members modified in accordance with the teachings 
of die present disclosure. The inner casing 1535 comprises any one of the 
expandable tubular membm described above widi reference to Figs. 1*1 If. 
30 The inner casing 1535 is coupled to the outer casing 1520 by expanding at 

least a portion of the inner casing 1535 into contact with the interior surface of the 

• • 
' • • • ^ • 
• • • 




thick wall casing 151 0 using any one of the processes and apparatus described above 
with reference to Figs. I-l If. The entire length of the overlap of the inner casing 
1535 with the thick wall casing 1510 and intermediate casing 1530 contacts the 
inner surfeces of the thick wall casing 1510 and intermediate casing 1530. The 
5 contact pressure of the interface between the inner casing 1535 and the thick wall 
casing 1510 may range, for example from about 500 to 10,000 psi. The contact 
pressure between the inner casing 1 535 and the thick waU casing 1 510 ranges from 
about 500 to 10,000 psi in order to optimally activate the pressure activated sealing 
members and to ensure that the joint will withstand typical extremes of tensile and 
10 compressive loads that are commonly experienced during drilling and production 
operations. 

As illustrated in Fig. 13, The upper end of the inner casing 1535 includes one 
or more sealing members 1570 that provide a gaseous and fluidic seal between the 
expanded end of the inner casing 1535 and the interior wall of the thick wall casing 

15 1510. The sealing members 1570 may comprise any number of conventional 
commercially available seals such as. for example, lead, plastic, rubber, Teflon or 
epoxy, modified in accordance with the teachings of the present disclosure. The 
sealing members 1570 comprise seals molded from StrataLock epoxy available fixmi 
Halliburton Energy Services m order to optimally provide an hydraulic seal and a 

20 load bearing interference fit. The contact pressure of the interface between tiie 
expanded end of the inner casing 1535 and the thick wall casing 1510 ranges from 
about 500 to 10,000 psi in order to optimally activate the sealing members 1570 and 
also to optimally ensure that the jomt wiU withstand typical operating extremes of 
tensile and compressive loads that are experienced during driUing and production 
25 operations. 

The inner casings, 1520, 1530 and 1535, may be coupled to a previously 
positioned tubular member that is in turn coupled to the outer casing 1510. More 
generally, the present prefened embodiments may be used to forro a concentric 
arrangement of tubular members. 



Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a method and 
apparatus for forming a mono-diameter well casing within a subterranean formation 
will now be described. 

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. The 
first section of casing 1610 includes an annular outer body of cement 1615 and a 
tubular section of casing 1620, The first section of casing 1610 may be formed in 
the wellbore 1600 using conventional methods and apparatus. The first section of 
casing 1610 is formed using one or more of the methods and apparatus described 
above with reference to Figs. 1-13 or below with reference to Figs. 14b- 17b. 

The annular body of cement 1615 may conpise any number of conventional 
commercially available cement, or other load bearing, cong)ositions. Alternatively, 
the body of cement 1615 may be omitted or rq>Iaced with an qpoxy mixture. 

The tubular section of casing 1620 preferably mcludes an upper end 1625 and 
a lower end 1630. Preferably, the Iowct end 162S of die tubular section of casing 
1620 includes an outer annular recess 1635 extending bom the lower end 1630 of 
the tubular sectim of casing 1620. In this manner, the lower end 1625 of the tubular 
section of casing 1620 includes a thin walled section 1640. An annular body 1645 
of a compressible material is coupled to and at least partially positioned within the 
outer annular recess 1635. In this manner, the body of compressible material 1645 
surrounds at least a portion of the thin walled section 1 640. 

The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially available materials such as, for exanq>le, oilfield country 
tubular goods, stainless steel, automotive grade steel, carbon steel, low alloy steel, 
fiberglass or plastics. The tubular section of casing 1620 is fabricated firom oilfield 
country tubular goods available from various foreign and domestic steel mills. The 
wall thickness of the thin walled section 1640 may range from about 0.125 to 1.5 
inches. The wall ttiickness of the thin walled section 1640 ranges from 0.25 to 1.0 
inches in order to optimally provide burst strength for typical q>erational conditions 
while also minimizing resistance to radial expansion. The axial length of the thin 



walled section 1640 may range from about 120 to 2400 inches. The axial length of 
the thin walled section 1640 ranges from about 240 to 480 inches. 

The annular body of compressible material 1645 helps to minimize the radial 
force required to expand the tubular casing 1620 in the overlap with the tubular 
member 1715, helps to create a fluidic seal in the overlap with the tubular member 
1715, and helps to create an interference fit sufficient to permit the tubular member 
1 71 5 to be supported by the tubular casing 1 620. The annular body of coitqjressible 
material 1645 may coirq>rise any number of commercially available compressible 
materials such as, for exan^le, q)oxy, rubber. Teflon, plastics or lead tubes. The 
annular body of compressible material 1645 conqmses StrataLock cpoxy available 
from Halliburton Energy Services in order to optimally provide an hydraulic seal in 
the overl^ped joint while also having oon5>liancc to th««by minimize Ae radial 
force required to expand the tubular casing. The wall fliickness of the annular body 
of conqiressible material 1645 may range fit>m about 0.05 to 0.75 inches. The wall 
thickness of the annular body of cnnqjrcssible material 1645 ranges from about 0.1 
to 0.5 inches in ord^ to optimally provide a large conq)ressible zone, minimize the 
radial forces required to expand the tubular casing, provide thickness for casing 
strings to provide contact with the inner surface of the wellbore upon radial 
expansion, and provide an hydraulic seal. 

As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 
subterranean formation 1605, a drill string is xised in a well known manner to drill 
out material from the subterranean formation 1605 to form a new wellbrae section 
1650. The diameter of the new section 1650 is preferably equal to or greater than 
fee innw diameter of tfie tubular section of casing 1620. 

As illustrated in Fig. 14c, an apparatus 1700 for forming a mono-diameter 
wellbore casing in a subterranean formation is then positioned in the new section 
1650 of the wellbore 1600. The apparatus 1700 preferably includes a support 
member 1705, an expandable mandrel or pig 1710, a tubular member 1715, a shoe 
1720, slips 1725, a fluid passage 1730, one or more fluid passages 1735, a fluid 
passage 1740, a first compressible annular body 1745, a second compressible 
annular body 1750, and apressure chamber 1755. 



The support member 1705 supports Ae apparatus 1700 within the wellbore 
1600. The support member 1705 is coupled to flie mandrel 1710, the tubular 
member 1715, the shoe 1720, and the slips 1725. The support member 1075 
preferably comprises a substantially hollow tubular member. The fluid passage 
1730 is positioned within the support member 1705. The fluid passages 1735 
fluidicly couple the fluid passage 1730 with the pressure chamber 1755. The fluid 
passage 1740 fluidicly couples tfie fluid passage 1730 with the region outside of the 
apparatus 1700. 

The support member 1 705 may be fabricated from any number of convmtional 
commercially available materials such as, for example, oilfield country tubular 
goods, stainless steel, low alloy steel, carbon steel, 13 chromium steel, fibeiglass, or 
other high strength materials. The suppovt member 1705 is fabricated from oilfield 
country tubular goods available from various foreign and domestic steel mills in 
order to optimally provide operational strength and facilitate the use of other 
standard oil exploration handling equipment. At least a portion of the support 
member 1705 conqirises coiled tubing or a drill pipe. The support member 1705 
mcludes a load shoulder 1820 for siqjporting the mandrel 1710 when the pressure 
chamber 1755 is unpressurized. 

The mandrel 1710 is supported by and slidingly coupled to the support 
member 1705 and the shoe 1720. The mandrel 1710 preferably includes an upper 
portion 1760 and a lower portion 1765. Preferably, the upper portion 1760 of the 
mandrel 1710 and the support member 1705 together define the pressure chamber 
1755. Preferably, the lower portion 1765 of die mandrel 1710 includes an e}q>ansion 
member 1770 for radially expanding the tubular member 1715. 

The upper portion 1760 of the mandrel 1710 includes a tubular member 1775 
having an inner diameter greater dian an outer diameter of the siqiport member 
1705. In this manner, an annular pressure chamber 1755 is defined by and 
positioned between die tubular member 1775 and Ae support member 1705. The 
top 1780 of the tubular member 1775 preferably includes a bearing and a seal for 
sealing and supporting the top 1780 of the tubular member 1775 against die outer 
surface of the support member 1705. The bottom 1785 of the tubular member 1775 



preferably includes a bearing and seal for sealing and supporting the bottom 1785 of 
the tubular member 1775 against the outer surface of the support member 1705 or 
shoe 1720. In this manner, the mandrel 1710 moves in an axial direction upon the 
pressurization of the pressure chamber 1755. 
5 The lower portion 1 765 of the mandrel 1710 preferably includes an expansion 

member 1770 for radially expandmg the tubular member 1715 during the 
pressurization of the pressure chamber 1755. The expansion member is expandable 
in the radial direction. The inner surface of the lower portion 1765 of tiie mandrel 
1710 mates wiA and slides witfi respect to the outw surface of Ae shoe 1720. The 
10 outer diameter of the expanision member 1770 may range from about 90 to 100 % of 
the inner diameter of the tubular casing 1620. The outer diameter of the expansion 
member 1770 ranges from about 95 to 99 % of the inner diameter of the tubular 
casing 1620. The expansion member 1770 may be fabricated from any number of 
conventional commercially available materials such as, for exanqjle, machine tool 
15 steel, ceramics, tungsten carbide, titanium or other high strength alloys. The 
expansion member 1770 is febricated from D2 machine tool steel in order to 
optimally provide high strengdi and abrasion resistance. 

The tubular member 1715 is coupled to and supported by the support member 
1 705 and slips 1725. The tubular member 1 715 includes an upper portion 1790 and 
20 a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes an 
inner annular recess 1800 that extends from the upper portion 1790 of the tubular 
member 1715. In Has manner, at least a portion of the upper portion 1 790 of the 
tubular member 1715 includes a thm walled section 1805. The first compressible 
25 annular menri)er 1 745 is preferably coupled to and started by the outer surface of 
Ae upper portion 1790 of Uie tubular member 1715 in opposing relation to the thin 
wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes an 
outer annular recess 1810 that extends from the lower portion 1790 of the tubular 
30 member 1715. In this manner, at least a portion of the lower portion 1795 of the 
tubular member 1715 includes a thin walled section 1815. The second compressible 



annular meniber 1750 is coupled to and at least partially supported within the outer 
annular recess 1810 of the upper portion 1790 of the tubular member 1715 in 
opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of conventional 
5 commercially available materials such as, for example, oilfield country tubular 
goods, stainless steel, low alloy steel, carf>on steel, automotive grade steel, 
fiberglass, 13 chrome steel, other high strength material, or high strength plastics. 
The tubular member 1715 is fabricated fix)m oilfield country tubular goods available 
from various foreign and domestic steel mills in order to optimally provide 

10 operational strength* 

The shoe 1720 is supported by and coupled to the support member 1705. The 
shoe 1720 preferably comprises a substantially hollow tubular member. The wall 
thickness of the shoe 1720 is greater than the wall ttuckness of the support member 
1705 in order to optimally provide increased radial support to tiie mandrel 1710. 

15 • The shoe 1720 may be fabricated fit>m any number of conventional commercially 
available materials such as, for exanq>le, oilfield country tubular goods, stainless 
steel, automotive grade steel, low alloy steel, carbon steel, or high strength plastics. 
The shoe 1720 is fiibricated from oilfield country tubular goods available from 
various foreign and domestic steel mills in order to optimally provide matching 

20 operational strengtfi ^oughout the apparatus. 

The slips 1725 are coupled to and supported by the support member 1705. 
The slips 1725 removably support the tubular member 1715. In this manner, during 
the radial expansion of the tubular member 1715, the slips 1725 help to maintain the 
tubular member 1715 in a substantially stationary position by preventing upward 

25 movement of the tubular member 1 71 5. 

The slips 1725 may conq)rise any number of conventional commercially 
available slips such as, for exanq)le, RTTS packer tungstra carbide mechanical slips, 
RTFS packer wicker type mechanical slips, or Model 3L retrievable bridge plug 
tungsten carbide upper mechanical slips. The slips 1725 comprise RTTS packer 

30 tungsten carbide mechanical slips available from Halliburton Energy Services. The 
slips 1 725 are adapted to support axial forces ranging fiom about 0 to 750,000 Ibf. 

• • • • • • 




The fluid passage 1730 conveys fluidic materials flx)m a surfece location into 
the interior of the support member 1705, the pressure chamber 1755, and the region 
exterior of the apparatus 1700. The fluid passage 1730 is fluidicly coupled to the 
pressure chamber 1755 by the fluid passages 1735. The fluid passage 1730 is 
5 fluidicly coupled to the region exterior to the apparatus 1700 by the fluid passage 
1740. 

The fluid passage 1730 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, slag mix, water or drilling gasses. The fluid 
passage 1730 is adapted to convey fluidic materials at flow rate and pressures 
10 ranging from about 0 to 3,000 gallons/mmute and 0 to 9,000 psi. in order to 
optimally provide flow rates and operational pressures for the radial expansion 
processes. 

The fluid passages 1735 convey fluidic material fiiom the fluid passage 1730 to 
the pressure chamber 1755. The fluid passage 1735 is adapted to convey fluidic 
16 materials such as, for example, cement, epoxy, drilling muds, water or drilling 
gasses. The fluid passage 1735 is adapted to convey fluidic materials at flow rate 
and pfessures ranging from about 0 to 500 gallons/minute and 0 to 9,000 psi. in 
order to optimally provide operating pressures and flow rates for the various 
expansion processes. 

20 The fluid passage 1740 conveys fluidic materials from the fluid passage 1730 

to the region exterior to the ^paratus 1700. The fluid passage 1740 is adapted to 
convey fluidic materials such as, for exanq)le, cement, epoxy, drilling muds, water 
or drilling gasses. The fluid passage 1740 is ad^ted to convey fluidic materials at 
flow rate and pressures ranging fiwn about 0 to 3,000 gallons/mmute and 0 to 9,000 

25 psi. in order to optimally provide operating piessures and flow rates for the various 
radial expansion processes. 

The fluid passage 1740 is ad{q)ted to receive a plug or oflier similar device for 
sealing the fluid passage 1740. In this numner, the pressure chamber 1755 may be 
pressurized. 

(0 The first compressible annular body 1745 is coupled to and supported by an 

exterior surfece of the upper portion 1790 of the tiibular member 1715. The first 



compressible annular body 1 745 is positioned in opposing relation to the Oiin walled 
section 1805 of the tubular member 1715. 

The first con^ressible annular body 1745 helps to minimize the radial force 
required to expand Ihe tubular member 1715 in die overlap with the tubular casing 
1620, helps to create a fluidic seal in the overlap with die Uibular casing 1620, and 
helps to create an interference fit sufficient to permit the tubular member 1715 to be 
supported by the tubular casing 1620. The first conqxessible annular body 1745 
may comprise any number of commercially available compressible materials such 
as, for example, epoxy, rubber. Teflon, plastics, or hollow lead tubes. The first 
compressible annular body 1745 comprises StrataLock epoxy available fiom 
Halliburton Energy Services in order to optimally provide an hydraulic seal, and 
conqHessibility to minimize flie radial eaq)ansion force. 

The wall thickness of flie first conqiressible annular body 1745 may range 
from about 0.05 to 0.75 inches. The wall thickness of flie first compressible annular 
body 1745 ranges from about 0.1 to 0.5 inches in oider to optimaUy (1) provide a 
large oon^ressible zone, (2) minimize die requured radial expansion force, (3) 
transfer the radial force to die tubular casings. As a result, overall the outer diameter 
of die tubular member 1715 is approximately equal to the ovarall inner diameter of 
die tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least partially 
siq>ported witiiin the outer annular recess 1810 of the tubular member 1715. The 
second compressible annular body 1 750 is positioned in opposing illation to the dun 
walled section 1815 of the tubular meraba- 1715. 

The second compressible annular body 1 750 helps to minimize die radial force 
required to expand the tubular member 1715 iii die overiap widi anodier tubular 
member, helps to create a fluidic seal in die overlap of die tubular member 1715 
with anotiier tubular mernber, and helps to create an interference fit sufficient to 
permit anodier tubular member to be supported by die tubular member 1715. The 
second compressible annular body 1750 may comprise any number of commercially 
available compressible materials such as, for example, epoxy, rubber. Teflon, 
plastics or hoUow lead tubing. The first compressible annular body 1750 comprises 



StrataLock epoxy available from Halliburton Energy Services in order to optimally 
provide an hydraulic seal in the overiapped joint, and compressibility that minimizes 
the radial expansion force. 

The wall thickness of the second con^essible annular body 1750 may range 
5 from about 0.05 to 0.75 inches. The wall thickness of the second compressible 
annular body 1 750 ranges from about 0. 1 to 0.5 inches in order to optimaUy provide 
a large compressible zone, and minimize the radial force required to expand the 
tubular member 171 5 during subsequent radial expansion opmtiohs. 

The outside diameter of the second compressible annular body 1750 is adapted 
10 to provide a seal against the surrounding formation thereby eliminating the need for 
an outo- annular body of cement 

The pressure chamber 1755 is fluidicly coapled to the fluid passage 1730 by 
the fluid passages 1735. The pressure chamber 1755 is preferably adapted to receive 
fluidic materials such as, for example, drilling muds, water or drilling gases. The 
15 pressure chamber 1755 is adapted to receive fluidic materials at flow rate and 
pressures ranging from about 0 to 500 gallons/minute and 0 to 9,000 psi. in order to 
optimally provide expansion pressure. During prcssurization of the pressure 
chamber 1755, the operating pressure of the pressure chamber ranges from about 0 
to 5,000 psi in order to optimally provide expansion i»essuic while minimizing the 
20 possibility of a catastrophic failure due to ova: pressurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in the 
wellbore 1600 widi the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. The thin wall sections, 1640 and 1805, of 
the tubular casing 1620 and tubular member 1725 are positioned in opposing 
25 overlapping relation. In this manner, the radial expansion of the tubular member 
1725 wfll compress the thin wall sections, 1640 and 1 805, and annular compressible 
memibers, 1645 and 1 745, into intimate contact 

After positioning of the apparatiis 1 700, a fluidic material 1 825 is tiien pumped 
into the fluid passage 1730. The fluidic material 1825 may comprise any number of 
30 conventional commercially avaihible materials such as, for example, water, drilling 
mud, drilling gases, cement or epoxy. The fluidic material 1825 comprises a 



i 



hardenable fluidic sealing material such as, for exainple, cement in order to provide 
an outCT amiular body around the expanded tubular member 1715. 

The fluidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for exanqile, ranging from about 0 to 9»000 psi 
5 and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes through 
the fluid passage 1740 and outside of the apparatus 1700. The fluidic material 1825 
fills the annular region 1830 between the outside of the apparatus 1700 and the 
interior walls of the wellbore 1600. 

10 As illustrated in Fig. 1 4e» a plug 1835 is then introduced into the fluid passage 

1730. The plug 1835 lodges in the inlet to the fluid passage 1740 fluidicly isolating 
and blocking off the fluid passage 1730. 

A fluidic material 1840 is dien punqied into the fluid passage 1730. The 
fluidic material 1840 may comprise any nuniber of conventional commercially 

15 available materials such as, for exanq>le, water, drilling nfiud or driUi^^ The 
fluidic material 1825 con^rises a non-haidenable fluidic material such as, for 
exanq)le, drilling mud or drilling gases in order to optimally provide pressurization 
of the pressure chaniber 1755. 

The fluidic material 1840 may be punQ)ed into flie fluid passage 1730 at 

20 operating pressures and flow rates ranging, for exaiiq)le, from about 0 to 9,000 psi 
and 0 to 500 gallons/minute. The fluidic material 1840 is pumped into the fluid 
passage 1730 at operating pressures and flow rates ranging from about 500 to 5,000 
psi and 0 to 500 gallons/minute in order to optimally provide operating pressures 
and flow rates for radial expansion. 

25 The fluidic material 1840 pumped into the fluid passage 1730 passes through 

the fluid passages 1735 and into the pressure chamber 1755. Continued puniping of 
the fluidic material 1840 pressurizes the pressure chamber 1755. The pressurization 
of the pressure chamb^ 1755 causes the mandrel 1710 to move relative to the 
support member 1705 in die direction indicated by the arrows 1845. In this manner, 

30 the mandrel 1710 will cause the tubular member 1715 to expand in the radial 
direction. 




During the radial expansion process, the tubular member 1715 is prevented 
from moving in an upward direction by the slips 1725. A length of the tubular 
member 1715 is then expanded in the radial direction throu^ the pressurization of 
the pressure chamber 1755. The length of the tubular member 1715 that is expanded 
during the expansion process will be proportional to the stroke length of the mandrel 
1710. Upon the con5)letion of a stroke, the operating pressure of the pressure 
chamber 1755 is then reduced and the mandrel 1710 drops to it rest position with die 
tubular member 1715 supported by the mandrel 1715. The position of the support 
member 1705 may be adjusted throughout the radial expansion process in order to 
maintain the overlapping relationship between the thin walled sections, 1640 and 
1805, of the tiibular casing 1620 and tubular member 1715. The stroking of the 
mandrel 1710 is tiien repealed, as necessary, until the thin walled section 1805 of the 
tubular membo- 1715 is expanded into the thin walled sectirai 1640 of the tubular 
casing 1620. 

During the final stroke of the mandrel 1710, the slips 1725 are positioned as 
close as possible to tiie Ain walled section 1805 of flie tubular member 1715 in 
order minimize slippage betwcrai tiie tubular member 1715 and tubular casing 1620 
at the Old of the radial expansion process. Alternatively, or in addition, the outside 
diameter of the first compressive annular memba 1745 is selected to ensure 
sufficient interference fit with the tubular casing 1620 to prevent axial displacement 
of tfie tubular member 1715 during the final stroke. Alternatively, or in addition, the 
outside diameter of tiie second conpressive annular body 1750 is lai^e enou^ to 
provide an interference fit with tfie inside walls of the wellborc 1600 at an earlia- 
point in the radial expansion process so as to prevent RxrttieT axial displacemoit of 
the tubular member 1715. In tiiis final alternative, the interference fit is preferably 
selected to permit expansion of the tubular member 1715 by pulling tiie mandrel 
1710 out of the wellbore 1600, without having to pressurize the pressure chamber 
1755. 

During the radial expansion process, the pressurized areas of tiie apparatus 
1700 are limited to tfie fluid passages 1730 within flie support member 1705 and tiie 
pressure chamber 1755 witiiin the mandrel 1710. No fluid pressure acts directly on 



the tubular member 1715. This pemiits the use of operating pressures higher than 
the tubular member 1715 could normally withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrel 1710, the siq^ort member 1705 and mandrel 1710 are removed from the 
5 wellbore 1600. The contact pressure between the deformed thin wall sections, 1 640 
and 1805, and compressible annular members, 1645 and 1745, ranges from about 
400 to 10,000 psi in order to optimally support the tubular member 1715 using the 
tubular casing 1620. 

In this manner, the tubular member 1715 is radially expanded into contact with 
10 the tubular casing 1620 by pressurizing the interior of the fluid passage 1730 and the 
pressure chamber 1755. 

As illustrated in Fig. 14f, once the tubular member 1715 is conq)letely 
expanded in the radial direction by the mandrel 1710, the siqsport member 1705 and 
mandrel 1 710 are removed from the wellbore 1600. The annular body of haidenable 
15 fluidic material is then allowed to cure to form a rigid outer annular body 1850* In 
the case where the tubular member 1715 is slotted, the hardoiable fluidic material 
will preferably permeate and envelop the expanded tubular member 1715. 

The resulting new section of wellbore casing 1855 includes the expanded 
' tubular member 1715 and the rigid outer annular body 1850. The overl^ping joint 
20 1860 between the tubular casing 1620 and the expanded tubular member 1715 
includes the deformed thin wall sections, 1640 and 1805, and the compressible 
annular bodies, 1645 and 1745. The inner diameter of the resulting combined 
wellbore casings is substantially constant. In this manner, a mono-diameter 
wellbore casing is formed. This process of expanding overlapping tubular members 
25 having thin wall end portions with conq)ressible annular bodies into contact can be 
repeated for the entire lengtti of a wellbore. In this manner, a mono-diameter 
wellbore casing can be provided for thousands effect in a subterranean fommtion. 

Referring now to Figures 15, 15a and ISb, an q>paratus 1900 for expanding a 
tubular member will be described. The apparatus 1900 preferably includes a 
30 drillpipe 1905, an innerstring adapter 1910, a sealing sleeve 1915, an inner sealing 
mandrel 1920, an upper sealing head 1925, a lower sealing head 1930, an outer 



sealing mandrel 1935, a load mandrel 1940, an expansion cone 1945, a mandrel 
launcher 1950, a mechanical slip body 1955, mechanical slips 1960, drag blocks 
1965, casing 1970, and fluid passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring ad^ter 1910. During 
5 operation of the apparatus 1900, the drillpipe 1905 supports the apparatus 1900. 
The drillpipe 1905 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 1905 may be fabricated fiom any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
drillpipe, fiberglass or coiled tubing. The drillpipe 1905 is &bricated from coiled 
10 tubing m order to facilitate the placement of the apparatus 1900 in non-vertical 
wellbwes. The drillpipe 1905 may be cotq>led to the innerstring adapter 1910 using 
any number of cmventional commercially available mechanical coiq)lings sudi as, 
for example, drillpipe connectors, OCTG specially type box and pin connectors, a 
ratoh^-latch type connector or a standard box by pin connector. The drillpqie 1 905 
15 is removably coupled to the innerstring adapter 1 910 by a drillpipe connection. 

The drillpipe 1905 prefia:ably includes a fluid passage 1975 that is adapted to 
convey fluidic materials from a sur&ce location into die fluid passage 1980. The 
fluid passage 1975 is adapted to convey fluidic matwials such as, for example, 
cement, drilling mud, epoxy or lubricants at qjerating pressures and flow rates 
20 ranging fh)m about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 1910 is coupled to the drill siring 1905 and flie sealing 
sleeve 1915. The innerstring adapter 1910 preferably courses a substantially 
hollow tubular membw or members. The innerstring adapter 1910 may be 
febricated from any number of conventional commerdlally available matoials such 
25 as, fin: example, oil country tubular goods, low alloy steel, carbon steel, stainless 
steel or oAer hig|i strengdi materials. The innerstring adapter 1910 is felvicated 
from oilfield country tubular goods in order to optimally provide mechanical 
properties diat closely match tfiose of the drill siring 1 905. 

The innostring adapter 1910 may be coupled to lbs drill string 1905 using any 
30 number of conventional commercially available mechanical couplings such as, for 
exanq>le, drillpipe connectors, oilfield country tubular goods specialty type threaded 



connectors, ratchet-latch type stab in connector, or a standard threaded connection. 
The nina:*string adapter 1910 is removably coupled to the drill pipe 1905 by a 
drillpipe connection. The innerstring adapter 1910 may be coiqjled to the sealing 
sleeve 1915 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connector, ratchet-latch type stab in connectors, or a 
standard threaded connection. The innerstring adapter 1910 is removably coupled to 
the sealing sleeve 1915 by a standard threaded connection. 

The innerstring adapter 1910 preferably includes a fluid passage 1980 that is 
adapted to convey fluidic materials from the fluid passage 1975 into the fluid 
passage 1985. The fluid passage 1980 is adapted to convey fluidic matmats such 
as, for example, cement, drilling mud, epoxy, or lubricants at qserating pressures 
and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/mmute. 

The sealing sleeve 1915 is coupled to tiie innerstring adsqpter 1910 and the 
inner sealing mandrel 1920. The sealing sleeve 1915 prefeiably comprises a 
substantially hollow tubular meniber or members. The sealing sleeve 1915 may be 
fabricated from any number of conventional commercially available materials such 
as, for exanqile, oilfield country tubular goods, carbon steel, low alloy steel, 
stainless sleel or other high strength materials. The sealing sleeve 1915 is fabricated 
from oilfield country tubular goods in order to optimally provide mechanical 
properties that substantially match the remaining components of the apparatus 1900. 

The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 using 
any number of conventional commercially available mechanical coiq>lings such as, 
for exanq>Ie, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type stab in connection, or a standard dueaded 
connection. The sealing sleeve 1915 is removably coupled to flie innerstring adapter 
1910 by a standard Areaded connection. The sealing sleeve 1915 may be cw^led to 
the inner sealing mandrel 1920 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
countiy tubular goods specialty type threaded connection, or a standard ttireaded 



connection. The sealing sleeve 1915 is removably coupled to the inner sealing 
mandrel 1 920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to convey fluidic materials from the fluid passage 1980 into the fluid 
5 passage 1990. The fluid passage 1985 is adapted to convey fluidic materials such 
as, for example, cement, drilling mud, epoxy or lubricants at operating pressures and 
flow rates ranging fiom about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and the 
lower sealing head 1930. The inner sealing mandrel 1920 preferably comprises a 

0 substantiaUyhoUowtubuUff member or members. The inner sealing mandrell 920 
may be &bricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, stainless steel, low 
alloy steel, caiton steel or other similar high strength materials. The inner sealing 
mandrel 1920 is febricaled from stainless steel in order to optimally provide 

) mechanical properties similar to the other components of Ihe apparatus 1900 while 
also providing a smooth outer surfece to support seals and other moving parts that 
can operate with minimal wear, corrosion and pitting. 

The inner sealing mandrel 1920 may be coupled to the sealing sleeve 1915 
using any number of conventional commercially available mewianical couplings 

1 such as, for example, driUpipe connection, oilfield country tubular goods specialty 
type threaded connection, or a standard threaded connection . The inner sealing 
mandrel 1920 is removably coupled to the sealing sleeve 1915 by a standard 
threaded connections. The inner sealing mandrel 1920 may be coupled to the lower 
sealii^g head 1930 using any number of conventional commercially avaUable 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratehet-lateh type stab in 
connectors or standard threaded connections. The inner sealing mandrel 1920 is 
removably coupled to the lower sealing head 1930 by a standard threaded 
connections connection. 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 that 
is adapted to convey fluidic materials from the fluid passage 1985 into the fluid 



passage 1995. The fluid passage 1990 is adapted to convey fluidic materials such 
as, for example, cement, drilling mud, epoxy or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 1935 and 
5 the expansion cone 1945. The upper sealing head 1925 is also movably coupled to 
the outer surface of the inner sealing mandrel 1920 and the inner surface of the 
casing 1970. In this manner, the upper sealing head 1925, outer sealing mandrel 
1935, and the expansion cone 1945 reciprocate in the axial direction. The radial 
clearance between die mner cylindrical surface of flie upper sealing head 1925 and 

10 the outer surface of the inner sealmg mandrel 1920 may range, for example, from 
about 0.025 to 0.05 inches. The radial clearance betwera the inner cylindrical 
surface of Hie upper sealing head 1925 and the outer surface of the ixmer sealing 
mandrel 1920 ranges from about 0.005 to 0.01 inches in order to optimally provide 
clearance for pressure seal placement The radial clearance between the outer 

IS cylindrical surface of the upper sealing head 1925 and the inner surfrice of the casing 
1970 may range, for example, from about 0.025 to 0,375 inches. The radial 
clearance between the outer cylindrical surface of the upper sealing head 1925 and 
the inner surface of the casing 1970 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for the expansion cone 1945 as the 

20 expansion cone 1945 is upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 1925 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, stainless steel, machine tool 

25 steel, or similar hig|i strengOi materials. The upper sealing head 1925 is fabricated 
from stainless steel in order to optimally provide hi^ strmgth and smooth outer 
surfaces that are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one or 
more annular sealing members 2000 for sealing the interface between the iqiper 

30 sealing head 1925 and tfie inner sealing mandrel 1920. The sealing members 2000 
may comprise any number of conventional commercially available annular sealing 




members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2000 comprise polypak seals available from Paricer 
Seals in order to optimally provide sealing for a Iwig axial motion. 

The upper sealing head 1925 includes a shoulder 2005 for supporting the upper 
5 sealing head 1925 on the lower sealing head 1930. 

The upper sealing head 1925 may be coupled to the outer sealing mandrel 
1935 using any number of conventional commerciaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connections. The upper 
10 sealing head 1925 is removably coupled to the outer sealing mandrel 1935 by a 
standard threaded connections. The mechanical coupling between the upper sealing 
head 1925 and the outer sealing mandrel 1935 includes one or more seahng 
members 2010 for fluidicly sealing the interface between the upper sealing head 
1925 and the outer sealing mandrel 1935. The sealing members 2010 may comprise 
15 any number of conventional commerciaUy available sealing memben; such as, for 
example, o-rings, polypak seals or metal spring energized seals. The sealing 
members 2010 comprise polypak seals available from Paricer Seals in order to 
optimally provide sealing for a long axial stroking motion. 

The lower sealing head 1 930 is coupled to the inner sealmg mandrel 1920 and 
20 the load mandrel 1 940. The lower sealing head 1 930 is also movably coupled to die 
inner sur&ce of Ae outer sealing mandrel 1935. In this manner, the upper sealing 
head 1925 and outer sealing mandrel 1935 reciprocate in the axial direction. The 
radial clearance between the outer surface of Ae lower sealing head 1930 and the 
inner sur&ce of fl»e outer sealing mandrel 1935 may range, for example, from about 
25 0.025 to 0.05 inches. The radial clearance between flie outer surface of the lower 
sealing head 1930 and the mner surfece of the outer sealing mandrel 1935 ranges 
from about 0.005 to 0.010 inches in order to optimally provide a close tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 1930 may 
be febricated from any number of conventional commercially available materials 
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such as, for example, oilfield country tubular goods, stainless steel, machine tool 
steel or other similar high strength materials^ The lower sealing head 1930 is 
fabricated from stainless steel in order to optimally provide high strength and 
resistance to wear, galling, corrosion, and pitting. 
5 The outer surface of the lower sealing head 1930 preferably includes one or 

more annular sealing members 2015 for sealing the interface between the lower 
sealing head 1930 and the out^ sealing mandrel 1935. The sealing members 2015 
may con:q>rise any number of conventional commercially available annular sealing 
members such as, for exanq>le, o-rings, polypak seals, or metal spring energized 

10 seals. The sealing members 2015 conqirise polypak seals available from Parker 
Seals in order to optimally provide sealing for a long axial stroke* 

The lower sealing head 1930 may be coupled to the inner sealing mandrel 
1920 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe comiection, oilfield country tubular goods 

15 specialty type threaded connection, welding, amorphous bonding or a standard 
threaded connection. The lower sealing head 1930 is removably coupled to the 
inner sealing mandrel 1920 by a standard tiireaded coimection. 

The mechanical coupling betweoi the lower sealing head 1930 and the inner 
sealing mandrel 1920 includes one or more sealing members 2020 for fiuidicly 

20 sealing the interface betwe» tfie lower sealing head 1930 and the inner sealing 
mandrel 1920. The sealing members 2020 may comprise any number of 
conventional commercially available sealing mmibers such as, for exaiiq)le, o-rings, 
polypak seals, or metal spring raergized seals. The sealing members 2020 comprise 
polypak seals available from Parker Seals in ord^ to optimally provide sealing for a 

25 long axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield cotmtry tubular goods specialty type 
direaded connections, welding, amorphous bonding or a standanl threaded 

30 connection. The lower sealing head 1930 is removably coupled to the load mandrel 
1940 by a standard threaded connection. The mechanical coupling bet<(veen the 



i 

I 



i 



lower sealing head 1930 and the load mandrel 1940 includes one or more sealing 
members 2025 for fluidicly sealing the interface between the lower sealing head 
1930 and the load mandrel 1940. The sealing members 2025 may comprise any 
number of conventiona] commercially available sealing members such as, for 
5 exanqple, o-rings, polypak seals» or metal spring energized seals. The sealing 
members 2025 conpise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 1930 includes a throat passage 2040 fluidicly coupled 
between the fluid passages 1990 and 1 995. The throat passage 2040 is preferably of 

10 reduced size and is adapted to receive and mgage with a plug 2045, or other similar 
device. In ibis maamer^ the fluid passage 1990 is fluidicly isolated from the fluid 
Dassaeel995. In this manuer, the pressure chamber 2030 is pressurized. 

The outer sealing mandrel 1935 is coiq;)led to Ae upper sealing head 1925 and 
the expansion cone 1945. The outer sealing mandrel 1935 is also movably coupled 

15 to flie inner surface of the casing 1970 and the outer surface of the lower sealing 
head 1930. In this manner, the upper sealing head 1925, outer sealing mandrel 
1935, and the expansion cone 1945 reciprocate in the axial direction. The radial 
clearance between the outer surface of the outer sealing mandrel 1935 and the inner 
surface of the casing 1970 may range, for exanq)le, from about 0.025 to 0.375 

20 inches. The radial clearance between the outer surfrice of the outer sealing mandrel 
1935 and the inner surface of the casing 1970 ranges from about 0.025 to 0.125 
inches in ord^ to optimally provide maximum piston surface area to maximize the 
radial expansion force. The radial clearance between the inner surface of the outer 
sealing mandrel 1935 and the outer surface of the lower sealing head 1930 may 

25 range, for example, from about 0.025 to 0.05 inches. The radial clearance between 
the innor surface of the outer sealing mandrel 1935 and tiie outer sur&ce of the 
lower sealing head 1930 ranges from about 0.005 to 0.010 inches in order to 
optimally provide a minimum gap for tiie sealing elements to bridge and seal. 

The outer sealing mandrel 1935 preferably comprises an annular member 

30 having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
1935 may be fabricated from any number of conventional commercially available 
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materials such as, foe example, low alloy steel, caibon steel, 13 dunmuum steel or 
stainless steel. The outer sealing mandrel 1935 is fabricated fix)m stainless steel in 
order to optimally provide maximum strengOi and minimum wall thickness while 
also providing resistance to corrosion, galling and pitting. 

The outer sealing mandrel 1935 may be coupled to die upper sealing head 
1925 using any number of conventional commercially available mechanical 
coupUngs such as, for exanq>]e, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, standard threaded connections, or welding. The 
outer sealing mandrel 1935 is removably coiq>led to tiie upper sealing head 1925 by 
a standard direaded connections connection. The outer sealing mandrel 1935 may 
be coupled to the expansion cone 1945 usmg any number of conventional 
commercially available mechanical coiqilhigs such as, for exanq)le, drillpipe 
connection, oilfield country tubular goods specialty type dueaded cmnectim, or a 
standard flireaded connections connecticm, or weldh^g. The outer sealing mandrel 
1935 is ronovably coupled to the e]q>ansion cone 1945 by a standard threaded 
connections cfHmection. 

The upper sealing head 1925, the lower sealing head 1930, the inner sealing 
mandrel 1920, and die outer sealmg mandrel 1935 together define a pressure 
chamber 2030. TTie pressure chamber 2030 is fluididy coupled to flie passage 1990 
via one or more passages 2035. During opaution of the apparatus 1900, the plug 
2045 engages with tfie throat passage 2040 to fluidicly isolate die fluid passage 1990 
firom the fluid passage 1995. The pressure chamber 2030 is Aen pressurized whidi 
in turn causes the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 to reciprocate in the axial direction. The axial motion of the 
expansion cone 1945 in turn expands tfie casing 1970 in the radial direction. 

The load mandrel 1940 is cot^led to die lower sealing head 1930 and (he 
mechanical sUp body 1955. The load mandrel 1940 preferably comprises an annular 
member having substantially cylindrical inner and outer sur&ces. The load mandrel 
1940 may be &bricated from any number of conventional commercially available 
materials such as, for exanple, oilfield country tubular goods, low alloy steel, 
caibon steel, stainless steel or oflier similar high strengtfi materials. The load 



mandrel 1940 is fabricated from oilfield country tubular goods in order to optimally 
provide high strength. 

The load mandrel 1940 may be coupled to the lower sealing head 1930 using 
any number of conventional commercially available mechanical couplings such as, 
5 for exan^le, driUpipe connection, oilfield country tubular goods specialty type 
flireaded connection, welding, amorphous bonding or a standard flireaded 
connection. The load mandrel 1940 is removably coupled to the lower sealing head 
1930 by a standard threaded connection. The load mandi«1 1940 may be coupled to 
fte mechanical slip body 1955 using any number of conventional commercially 
10 available mechanical couplings such as, for example, a driUpipe connection, oilfield 
country tubular goods specialty type threaded connections, welding, amorphous 
bonding, or a standard threaded connections connection. The load mandrel 1940 is 
removably coupled to the mechanical slip body 1955 by a standard threaded 
connections connection. 
15 The load mandrel 1940 preferably includes a fluid passage 1995 that is ad^ted 

to convey fluidic materials fix)m the fluid passage 1990 to the region outside of the 
apparatus 1900. The fluid passage 1995 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging fix>m about 0 to 9,000 psi and 0 to 3,000 
20 gallons/minute. 

The raqimsion cone 1945 is coiq>led to flie outer sealing mandrel 1935. The 
ejqansion cone 1945 is also movably coiqiled to the innw sur&ce of flie casing 
1970. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, and 
the expansion cone 1945 reciprocate in the axial direction. The itsdprocation of the 

25 expansion cone 1945 causes flie casing 1970 to expand in flie radial direction. 

The ejqjansion cone 1945 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surfiice may range, for example, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in 

30 order to optimally provide cone dimensions for the typical range of tubular 
membos. 



The axial length of the expansion cone 1945 may range, for example, ftom 
about 2 to 8 times the largest outer diameter of flie expansion cone 1945. The axial 
length of the expansion cone 1945 ranges from about 3 to 5 times the largest outer 
diameter of the expansion cone 1945 in order to optimally provide stability and 
centralization of the expansion cone 1945 during the expansion process. The angle 
of attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces with the desired amount of radial expansion. The 
expansion cone 1945 angle of attack will vary as a fimction of the operating 
parameters of the particular expansion operation. 

The expansion cone 1945 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, ceramics, 
tungsten caibide, nitride steel, or other similar high strength matmals. The 
expansion cone 1945 is fabricated from D2 machine tool steel in order to optimally 
provide high strength and resistance to corrosion, wear, galling, and pitting. The 
outside surface of the expansion cone 1945 has a surface hardness ranging from 
about 58 to 62 Rockwell C in order to optimally provide high strength and resist 
wear and galling. 

The expansion cone 1945 may be coupled to the outside sealing mandrel 1935 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield tubular country goods specialty 
type threaded connection, welding, amorphous bonding, or a standard tiireaded 
connections connection. The expansion cone 1945 is coiq>led to the outside 
sealing mandrel 1935 using a standard threaded connections connection in order to 
optimally provide connector strength for the typical op«titing loading conditions 
while also permitting easy replacement of the expansion cone 1945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 
laundier 1950 comprises a tubular section of casing having a reduced wall thickness 
conqjared to ttxe casing 1970. The wall thickness of the mandrel launcher is about 
50 to 100 % of the wall thickness of the casing 1970, In this manner, the initiation 
of the radial expansion of tiie casing 1970 is facilitated, and the insertion of the 



larger outside diameter mandrel launcher 1950 into the wellboie and/or casing is 
facilitated 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
number of conventional mechanical couplings. The mandrel launcher 1950 may 
5 have a wall thickness ranging, for example, from about 0. 15 to 1 .5 inches. The wall 
thickness of the mandrel launcher 1950 ranges from about 0.25 to 0.75 inches in 
order to optimally provide high stiengdi with a small overall proffle. The mandrel 
launcher 1950 may be fibricated from any number of conventional commercially 
available materials such as, for example, oil field tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other similar high strength materials. The mandrel 
launcher 1950 is febricated from oil field tubular goods of higher strength but lower 
wall thickness than fte casing 1970 in order to optimally provide a thin walled 
container with iqjproximately the same burst strength as the casing 1970. 

The mechanical slip body 1955 is coupled to the load mandrel 1970, the 
15 mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 1955 
preferably con^rises a tubular member having an inner passage 2050 fluidicly 
coupled to the passage 1995. In this manner, fluidic materials may be conveyed 
from the passage 2050 to a region outside of the iy^)aratus 1900. 

The mechanical slip body 1955 may be coupled to the load mandrel 1940 
20 using any number of conventional mechanical couplings. The mechanical slip body 
1955 is rennovably coupled to the load mandrel 1940 using a standard threaded 
connection in order to optimally provide high strength and pennit die mechanical 
slip body 1955 to be easily replaced. The mechanical sKp body 1955 may be 
coupled to the mechanical slips 1955 using any number of conventional mechanical 
25 couplings. The mechanical slip body 1955 is removably coupled to the mechanical 
slips 1955 using threads and sUding steel retainer rings in oider to optimally provide 
higih strength coupling and also permit easy replacement of the mechanical slips 
1955. The mechanical slip body 1955 may be coupled to the drag blocks 1965 using 
any number of conventional mechanical couplings. The mechanical slip body 1955 
30 is removably coupled to the drag blocks 1965 using dueaded connections and 



sliding steel retainer rings in order to optimally provide high strengdi and also 
permit easy replacement of the drag blocks 1 965. 

The mechanical slips 1960 are coupled to the outside surface of the mechanical 
slip body 1955. During operation of the apparatus 1900, the mechanical sUps 1960 
prevent upward movement of the casing 1970 and mandrel launcher 1950. In this 
manner, during the axial reciprocation of the expansion cone 1945, the casing 1970 
and mandrel launcher 1950 are maintained in a substantially stationary position. In 
this manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direction by the axial movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any nuniber of conventional 
commercially available mechanical slips such as, for example, RTTS packer 
tungsten caxbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. The 
mechanical slips 1960 comprise RTTS packer tungsten carbide mechanical slips 
available torn Halliburton Energy Services in order to optimally provide resistance 
to axial movement of flie casing 1 970 during the expansion process. 

The drag blocks 1965 are coupled to the outside surface of the mechanical slip 
body 1955. During operation of the aH>aratus 1900, the drag blocks 1965 prevent 
upward movement of the casing 1970 and mandrel launcher 1950. In tfiis manner, 
during the axial reciprocation of the expansion cone 1945, the casing 1970 and 
mandrel launcher 1950 are maintained in a substantially stationary position. In tfus 
manner, the mandrel launcher 1950 and casing 1970 are expanded in the radial 
direction by the axial movement of the expansion cone 1945. 

The drag blocks 1965 may comprise any nuniber of conventional 
commercially available mechanical slips such as, for exanq)le, RTTS packer 
tungsten cariride mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten cari)ide upper mechanical slips. The drag 
blocks 1965 comprise RTTS packer tungsten carbide mechanical slips available 
from Halliburton Energy Services in order to optimally provide resistance to axial 
movement of the casing 1970 during the expansion process. 



I 



I 

i . 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 1970 is 
further removably coupled to the mechanical slips 1960 and drag blocks 1 965, The 
casing 1970 preferably comprises a tubular member. The casing 1970 may be 
fabricated from any number of conventional commercisdly available materials such 
5 as, for exan^le, slotted tubulars, oil field country tubular goods, low alloy steel, 
carbon steel, stainless steel or otfier similar high strength matmals. The casing 1970 
is fabricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimally provide higih strength. Hie iippec end of 
the casing 1970 includes one or more sealing members positioned about the exterior 

10 ofthe casing 1970. 

During operation, Ae apparatus 1 900 is positioned in a wellbore with the upper ; 
end ofthe casing 1970 positioned in an overlapping relationship within an existing 
wellbore casing. In order minimize sxirge pressures within the borehole during ' 
placement of the apparatus 1900, the fluid passage 1 975 is preferably provided with 

1 5 one or more pressure relief passages. During the placement of the apparatus 1 900 in 
the wellbore, the casing 1970 is supported by the expansion cone 1 945. 

After positioning of the apparatus 1900 within tiie bore hole in an overlapping 
relationship with an existing section of wellbore casing, a first fluidic material is 
punq>ed into die iQuid passage 1975 from a sur&ce location. The first fluidic 

20 material is conveyed from the fluid passage 1975 to the fluid passages 1980, 1985, 
1990, 1995, and 2050. The first fluidic material will then exit the ^paratus and fill 
the annular region between Ac outside of the iqiparatus 1900 and the interior walls 
ofthe bore hole. 

The first fluidic material may conq>rise any number of conventional 
25 commercially available materials such as, for example, drilling mud, water, epoxy or 

cement The first fluidic material comprises a hardenable fluidic sealing material ! 
such as, for exanple, cement or epoxy. In this manner, a wellbore casing having an 
outer annular layer of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 1900 at operating 
30 pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
. 3,000 gallons/minute. The first fluidic material is pumped into the apparatus 1900 at 
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operating pressures and flow rates ranging irom about 0 to 4,500 psi and 0 to 3,000 
gallons/minute in order to optimally provide operating pressures and flow rates for 
typical operating conditions. 

At a predetermined point in the injection of the first fluidic material such as. 
for exanq)le, after the annular region outside of the apparatus 1900 has been filled to 
a predetermined level, a plug 2045, dart, or other similar device is introduced into 
the first fluidic material. The plug 2045 lodges in the throat passage 2040 thereby 
fluidicly isolating the fluid passage 1990 from the fluid passage 1995. 

After placement of the plug 2045 in the throat passage 2040, a second fluidic 
material is pumped into the fluid passage 1975 in order to pressurize the pressure 
chamber 2030. The second fluidic material may conqirise any number of 
conventional commercially available materials such as, for example, wato-, drilling 
gases, drilling mud or lubricant The second fluidic material comprises a non* 
hardenable fluidic material such as, for example, water, drilling mud or lubricant in 
order minimize frictional forces. 

The seccmd fluidic material may be pumped into the apparatus 1900 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is punq)ed into the 
apparatus 1900 at operating pressures and flow rates ranging from about 0 to 3,500 
psi, and 0 to 1,200 gallons/minute in order to optimally provide expansion of the 
casing 1970. 

The pressurization of the pressure chamber 2030 causes the upper sealing head 
1925, outer sealing mandrel 1935, and expansion cone 1945 to move in an axial 
direction. As the expansion cone 1945 moves in flie axial direction, the expansion 
cone 1945 pulls the mandrel laundier 1950 and drag blocks 1965 along, whidi sets 
the mechanical slips 1960 and stops fuitfier axial movement of the mandrel launcher 
1950 and casing 1970. In this manner, the axial movemoit of the e}q)ansion cone 
1945 radially expands the mandrel laundier 1950 and casing 1970. 

Once the uppe^ sealing head 1925, outer sealing mandrel 1935, and expansion 
cone 1945 complete an axial stroke, the operating pressure of the second fluidic 
material is reduced and the drill string 1905 is raised. This causes the inner sealing 
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mandrel 1920, lower sealing head 1930. load mandrel 1940, and mechanical slip 
body 1955 to move upward. This unsets the mechanical slips 1960 and permits the 
mechanical slips 1960 and drag blocks 1965 to be moved upwaid within the mandrel 
launcher and casing 1970. When the lower sealing head 1930 contacts the upper 
5 sealing head 1925, the second fluidic material is again pressurized and the radial 
expansion process continues. In this manner, the mandrel launcher 1950 and casing 
1970 are radial expanded through repeated axial strokes of the upper sealing head 
1925, outer sealing mandrel 1935 and expansion cone 1945. Throughput the radial 
expansion process, the upper end of flie casing 1970 is preferably maintamed in an 
10 overlapping relation wifii an existing section of wellbore casmg. 

At the end of the radial expansion process, the upper end of the casing 1970 is 
expanded into intimate contact wifli the inside surface of the lower end of the 
existing wellbore casing. The sealing members provided at the upper end of the 
casing 1970 provide a fluidic seal between the outside surface of the upper end of 
the casing 1970 and the inside surface of tiie lower end of the existing wellbore 
casing. The contact pressure between tiie casing 1970 and tiie existing section of 
wellbore casing ranges from about 400 to 10,000 psi in order to optimally provide 
contact pressure for activating sealing members, provide optimal resistance to axial 
movement of the expanded casing 1970, and optimaBy support typical tensile and 
compressive loads. 

As the expansion cone 1945 nears the end of die casing 1970, flie operating 
flow rate of flie second fluidic material is reduced in order to minimize shock to tiie 
appanrtus 1900. The apparatus 1900 includes a shock absorber for absorbing tiie 
shock created by tiie completion of the radial expansion of flie casing 1970. 

The reduced operating pressure of tiie second fluidic material ranges from 
about 100 to 1,000 psi as tiie expansion cone 1945 nears tiie end of tfie casing 1970 
in order to optimally provide reduced axial movement and velocity of flie expansion 
cone 1945. The operating pressure of tfie second fluidic material is reduced during 
tiie return stroke of tiie apparatus 1900 to the range of about 0 to 500 psi in oider 
minimize the resistance to the movement of tfie expansion cone 1945. The stroke 
lengtti of tiie apparatus 1900 ranges from about 10 to 45 feet in order to optimally 



provide equipment lengths that can be handled by typical oil well rigging equipment 
while also minimizing the frequency at which the expansion cone 1945 must be 
stopped so the apparatus 1900 can be re-stroked for further expansion operations. 
At least a portion of the upper sealing head 1 925 includes an expansion cone 
5 for radially expanding the mandrel launcher 1950 and casing 1970 during operation 
of the apparatus 1900 in order to increase the surface area of the casing 1970 acted 
upon during the radial expansion process. In this manner, tfie operating pressures 
can be reduced. 

Mechanical slips are positioned in an axial location between the sealing sleeve 
10 1915 and flie inner sealing mandrel 1920 in order to simplify flie operation and 
assembly of flie apparatus 1900. 

Upon the complete radial expansion of the casing 1970, if q>plicable, the first 
fluidic material is permitted to cure wifliin the annular region between the outside of 
the expanded casing 1970 and flie interior walls of the wellbore. In the case where 
15 the expanded casing 1970 is slotted, the cured fluidic material will preferably 
permeate and envelop tfie expanded casing. In diis manner, a new section of 
wellbore casing is formed within a wellbore. Altematively, the apparatus 1900 may 
be used to join a first section of pipeline to an existing section of pipeline. 
Altematively, the apparatus 1900 may be used to directly line the interior of a 
20 wellbore with a casing, without the use of an outer annular layer of a hardenable 
material. Altematively, the apparatus 1900 may be used to expand a tubular support 
member in a hole. 

During the radial expansion process, the pressurized areas of the ^aratus 
1900 are limited to the fluid passages 1975, 1980, 1985, and 1990, and the pressure 
25 chamber 2030. No fluid pressure acts directly on the mandrel launcher 1950 and 
casmg 1970. This permits the use of operating pressures higher than the mandrel 
launcher 1950 and casing 1970 could normally withstand. 

Referring now to Figure 16, an apparatus 2100 for forming a nmno-diameter 
wellbore casing will be described. The apparatus 2100 preferably includes a 
30 drillpipe 2105, an innerstring adapter 2110, a sealing sleeve 21 15, an inner sealing 




mandrel 2120, slips 2125, upper sealing head 2130, lower sealing head 2135, outer 
sealing mandrel 2140, load mandrel 2145, expansion cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100. the drillpipe 2105 supports the apparatus 2100. 
The drillpipe 2105 preferably comprises a substantially hollow tubular rasaiber or 
members. The drillpipe 2105 may be fabricated from any number of convoitional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
material. The drillpipe 2105 is fabricated from coiled tubing in order to facilitate the 
placement of the apparatus 1900 in non-vertical wellbores. The drillpipe 2105 may 
be coiqjled to the innerstring adapter 2110 using any number of conventional 
commercially available mechanical couplings such as, for exan^le, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type connection, or a standard threaded connection. The drillpipe 2105 
is removably coupled to Ae innerstring adapter 21 10 by a drill pipe connection. 

The drillpipe 2105 preferably includes a fluid passage 2160 Aat is adq>ted to 
convey fluidic materials from a surface location into flie fluid passage 2165. The 
fluid passage 2160 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 21 10 is coupled to the drill string 2105 and die sealing 
sleeve 2115. The innerstring adq>ter 2110 preferably con^>rises a substantially 
hollow tubular member or members. The innerstring adapter 2110 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The innerstring adapter 21 10 
is fabricated from stainless steel in order to optimally provide high strength, low 
friction* and resistance to corrosion and wear. 

The innerstring adapter 21 10 may be coupled to the drill string 2105 using any 
number of conventional conmiercially available mechanical couplings such as, for 
exanq>le, drillpipe connection, oilfield country tubular goods specialty type threaded 
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connection, ratchet-latch type connection or a standard threaded connection. The 
innCTString adapter 2110 is removably coupled to the drill pipe 2105 by a drillpipe 
connection. The innerstring adapter 2110 may be coupled to the sealing sleeve 2115 
using any number of conventional commercially available mechanical couplings 
5 such as» for exanq)Ie, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. The innerstring adapter 2110 is removably coupled to the 
sealing sleeve 211 5 by a standard threaded connection. 

The innerstring ad^ter 2110 preferably includes a fluid passage 2165 that is 
10 adapted to convey fluidic materials from the fluid passage 2160 into the fluid 
passage 2170. The fluid passage 2165 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water drilling muds» or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

15 The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and the 

inner sealing mandrel 2120. The sealing sleeve 2115 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2115 may be 
fabricated from any number of convmtional commercially available materials such 
as, for exanq)le, oil field tubular goods, low alloy steel, carbon steel, stainless steel 

20 or other similar high strength materials. The sealing sleeve 21 15 is fabricated from 
stainless steel in order to optimally provide high strength, low friction surfaces, and 
resistance to corrosion, wear, galling, and pitting. 

The sealing sleeve 21 15 may be coupled to the innerstring adapter 2110 using 
any nuniber of conventional commercially available mechanical couplings such as, 

25 for exanq>le, a standard flireaded connection, oilfield country tubular goods specialty 
type threaded cimnections, weldmg, amorphous bonding, or a standard threaded 
connection. The sealing sleeve 21 15 is removably coupled to the inn^string adapter 
2 1 10 by a standard threaded connection. The sealing sleeve 2115 may be coupled to 
the inner sealmg mandrel 2120 using any number of conventional commercially 

30 available mechanical coiq>lings such as, for exanq>le, a standard threaded 
connection, oilfield country tubular goods specialty type threaded connections, 
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welding, amorphous bonding, or a standard threaded connection. The sealing sleeve 
21 1 5 is removably coupled to the inner sealing mandrel 2120 by a standard threaded 
connection. 

The sealing sleeve 2115 preferably includes a fluid passage 2170 that is 
5 adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. The fluid passage 2170 is adapted to convey fluidic materials such 
as, for example, cement, epoxy. water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

10 The inner sealing mandrel 2120 is coupled to the sealing sleeve 2115, sUps 

2125, and the lower sealing head 2135. The inner sealing mandrel 2120 preferably 
comprises a substantially hollow tubular member or members. The inner sealing 
mandrel 2120 may be fiibricated from any number of conventional commercially 
available materials such as. for example, oilfield country tubular goods, low alloy 
15 steel, caibon steel, stainless steel or other similar higji strength materials. The inner 
sealing mandrel 2120 is fabricated from stainless steel in order to optimally provide 
Wgih strength, low friction surfeces, and corrosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 2115 
using any number of conventional commercially available mechanical couplings 
20 such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded comiection, or a standard threaded connection. The inner sealing 
mandrel 2120 is removably coupled to the sealing sleeve 2115 by a standard 
threaded connection. The standard direaded connection provides high strength and 
pennits easy replacement of components. The inner sealing mandrel 2120 may be 
25 coupled to the slips 2125 using any number of conventiona] commerciaUy available 
mechanical couplings such as. for example, welding, amorphous bonding, or a 
standard threaded connection. The inner sealing mandrel 2120 is removably 
coupled to the slips 2125 by a standard threaded connection. The inner sealing 
mandrel 2120 may be coupled to the lower sealing head 2135 using any number of 
30 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 



1 



connection, welding, amorphous bonding or a standard threaded coraiectioa The 
inner sealing mandrel 2120 is removably coupled to the lower sealing head 2135 by 
a standard threaded connection. 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 that 
5 is adapted to convey fluidic materials from the fluid passage 2170 into the fluid 
passage 2180. The fluid passage 2175 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

10 The slips 2125 are coupled to the outer surfieice of the inner sealing mandrel 

2120. During operation of the iq>paratus 2100, fte slips 2125 preferably maintain 
the casing 2155 in a substantially stationary position during ttie radial expansion of 
the casing 2155. The slips 2125 are activated using tiie fluid pass^es 2185 to 
convey pressurized fluid material into the slips 2125. 

1 5 The slips 2 125 may comprise any number of conmiercially available hydraulic 

slips such as, for exanq)le, RTTS packer tungsten carbide hydraulic slips or Model 
3L retrievable bidge plug hydraulic slips. The slips 2125 comprise RTTS packer 
tungsten carbide hydraulic slips available from Halliburton Energy Services in order 
to optimally provide resistance to axial movement of the casing 2155 during the 

20 expansion process. The slips include a fluid passage 2190, pressure chamber 2195, 
spring return 2200, and slip member 2205. 

The slips 2125 may be coupled to the inner sealing mandrel 2120 using any 
number of conventicmal mechanical couplings. The slips 2125 are removably 
coupled to the outer surface of the inner sealing mandrel 2120 by a thread 

25 connection in order to optimally provide interdiangeability of parts. 

The upper sealing head 2130 is coupled to die outer sealing mandrel 2140 and 
expansion cone 2150. The upper sealing head 2130 is also movably coupled to flie 
outer suriace of the inner sealing mandrel 2120 and the inner surface of the casing 
2155. In this manner, the upper sealing head 2130 reciprocates in the axial 

30 direction. The radial clearance between the iimer cylindrical surface of the uppo: 
sealing head 2130 and the outer surface of the inner sealing mandrel 2120 may 
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range, for example, from about 0.025 to 0.05 inches. The radial clearance between 
the inner cylindrical surface of the upper sealing head 2130 and die outer surface of 
the inner sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in order to 
optimally provide a pressure seal. The radial clearance between the outer cylindrical 
surfece of the upper sealing head 2130 and the inner surface of the casing 2155 may 
range, for example, from about 0.025 to 0.375 inches. The radial clearance between 
the outer cyiindiical surfiice of tfie upper sealing head 2130 and the inner surface of 
the casing 2155 ranges from about 0.025 to 0.125 inches in cider to optimaUy 
provide stabilization for the expansion cone 2130 during axial movement of the 
expansi<m cone 2130. 

The upper sealing head 2130 preferably comprises an annular mranbor having 
substantially cylindrical inner and outw sur&ces. The upper sealing head 2130 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, low alloy steel, carbon steel, stainless steel or ottier similar 
high sfrengfli materials. The upper sealing head 2130 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfiaces. The inner surface of the upper sealing head 2130 preferably 
includes one or more annular sealing members 2210 for sealing the interface 
between the upper sealing head 2130 and the inner sealing mandrel 2120. The 
sealing members 2210 may conqnise any number of conventional commercially 
available annular sealing m^nbers such as, tor exanjp\e, o-rings, polypak seals, or 
metal spring eneigized seals. The sealmg menibm 2210 conq)rise polypak seals 
available from Paiter Seals in order to optimally provide sealing for a long axial 
stroke. 

The upper sealing head 2130 includes a shoulder 2215 for supporting the upper 
sealing head 2130 on die lower sealing head 2135. 

The vpper sealing head 2130 may be coupled to die outer sealing mandrel 
2140 using any number of conventional commercially available mechanical 
coiq>lings such as, for exanqjle, drillpipe connection, oilfield countiy tubular goods 
specialty direaded connection, welding, amorphous bonding or a standard direaded 
connection. The upper sealing head 2130 is removably coupled to the outer sealing 



mandrel 2140 by a standard threaded connection. The mechanical coupling 
between the upper sealing head 2130 and the outer sealing mandrel 2140 includes 
one or more sealing members 2220 for fluidicly sealing the interface between the 
upper sealing head 2130 and the outer sealing mandrel 2140. The sealing members 
5 2220 may con^se any number of conventional commercially available sealing 
members such as, for 6xanq>le, o-rings, polypak seals, or metal spring energized 
seals. The sealing members 2220 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 213S is coupled to the inner sealing mandrel 2120 and 

1 0 the load mandrel 2 145. The lower sealing head 2 1 35 is also movably coiq)led to the 
inner surface of the outer sealing mandrel 2140. In this nuuiner, the uppec sealing 
head 2130, outer sealing mandrel 2140, and expansion cone 2150 reci|»-ocate in the 
axial direction. The radial clearance between the outer surfaceof the lower sealing 
head 2135 and the hmer surface of tiie outer sealing mandrel 2140 may range, for 

15 example, from about 0.0025 to 0.05 inches. The radial clearance between ttie outer 
surface of the lower sealing head 2135 and the inner surface of the outer sealing 
mandrel 2140 ranges from about 0.0025 to 0.05 inches in order to optimally provide 
minimal radial clearance. 

The lower sealing head 2135 preferably comprises an annular member having 

20 substantially cylindrical inner and outer surfaces. The lower sealing head 2135 may 
be fabricated from any number of conventional commercially available materials 
such as, for exanq^le, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The lower sealing head 2135 
is fabricated from stainless steel in order to c^timally provide high strength, 

25 corrosion resistance, and low friction surfaces. The outer surface of the lower 
sealing head 2135 preferably includes one or more annular sealing members 2225 
for sealing the interfrice between the low^ sealmg head 2135 and the outer sealing 
mandrel 2140. The sealing members 2225 may comprise any numb^ of 
convmtional commercially available annular sealing members such as, for example, 

30 o-rings, polypak seals or metal spring energized seals. The sealing members 2225 
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comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the inner sealing mandrel 
2120 using any number of conventional commercially available mechanical 
coiq^lings such as, for example, drillpq^e cozmection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standanl 
threaded ccmncction. The lower sealing head 2135 is removably coupled to the 
inner sealing mandrel 2120 by a standard threaded connection. The mechanical 
coupling between the lower sealing head 2135 and the inner sealing mandrel 2120 
includes one or more sealing members 2230 for flddicly sealing the interface 
between the lower sealing head 2135 and the inner sealing mandrel 2120. The 
sealing members 2230 may conqmse any number of conventional coixmiercially 
available seahng members such as, for exanq>le, o-rings, polypak seals, or metal 
spring energized seals. The sealing members 2230 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coxq^led to the load mandrel 2145 using 
any number of conventional commercially available mechanical coupUngs such as, 
for exanq)le, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. The 
lower sealing head 2135 is removably coupled to tiie load mandrel 2145 by a 
standard threaded connection. The niedumical coupling between the lower sealing 
head 2135 and the load mandrel 2145 includes one or marc sealing members 2235 
for fluididy sealing flic interfece between flie lower sealing head 1930 and flie load 
mandrel 2145. The sealing members 2235 may conqHise any numbo- of 
convoitional commercially available sealing members such as, for exanq)le, o-rings, 
polypak seals, or metal spring mergfxed seals. The sealmg membOT 2235 comprise 
polypak seals available from Parker Seals in ordw to optimally provide sealing for a 
long axial stroke. 

The lower sealing head 2135 includes a tfuoat passage 2240 fluidicly coupled 
between ttie fluid passages 2175 and 2180. The throat passage 2240 is preferably of 
reduced size and is adapted to receive and engage with a plug 2245, or other similar 



device. In this manner, Ae fluid passage 2175 is fluidicly isolated from the fluid 
passage 2 1 80. In this manner, tfie pressure chamber 2250 is pressurized. 

The outer sealing mandrel 2140 is coupled to the upper sealing head 2130 and 
the expansion cone 2150. The outer sealing mandrel 2140 is also movably coupled 
to the inner surface of the casing 2155 and the outer surface of the lower sealing 
head 2135. In this maimer, the upper sealing head 2130, outer sealing mandrel 
2140, and the expansion cone 2150 reciprocate in the axial direction. The radial 
clearance between the outer surface of the outer sealing mandrel 2140 and the inner 
surface of the casing 2155 may range, for example, from about 0.025 to 0,375 
inches. The radial clearance between the outer sur&ce of flie outer sealing mandrel 
2140 and the inner surfrice of the casing 2155 ranges from about 0.025 to 0.12S 
inches in order to optimally provide stabilization for the expansion ccme 2 130 during 
the expansion process. The radial clearance between the inner sur£ace of the outer 
sealing mandrel 2140 and the outer surface of tfie lower sealing head 2135 may 
range, for example, from about 0.005 to 0.125 indies. The radial clearance between 
the inner surface of Ae outer sealing mandrel 2140 and the outer surface of the 
lower sealing head 2135 ranges fit>m about 0.005 to 0.010 inches in order to 
optimally provide minimal radial clearance. 

The outer sealing mandrel 2140 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2140 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel, or other similar high strmgdi materials. The outer 
sealing mandrel 2140 is fabricated from stainless steel in order to optimally provide 
high strength, cmosion resistance, and low friction surfaces. 

The outer sealing mandrel 2140 may be coupled to the uppor sealing head 
2130 using any number of conventional connmercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard threaded 
connection. The outer sealing mandrel 2140 is removably coupled to the upper 
seialing head 2130 by a standard threaded connection. The outer sealing mandrel 



2140 may be coupled to the expansion cone 2150 using any number of conventional 
commercially available mechanical couplings such as, for exanple, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. The outer sealing mandrel 
2140 is removably coupled to the expansion cone 2150 by a standard threaded 
connection. 

The upper sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outer sealing mandrel 2140 together define a pressure 
chamber 2250. The pressure diamber 2250 is fluidicly coupled to the passage 2175 
via one or more passages 2255. During operation of the apparatus 2100, the plug 
2245 engages with the throat passage 2240 to fluidicly isolate the fluid passage 2175 
from the fluid passage 2180. The pressure chamber 2250 is then pressurized which 
in turn causes the upper sealing head 2130, outer sealing mandrel 2140, and 
expansion cone 2150 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2150 in turn expands the casing 2155 in the radial direction. 

The load mandrel 2145 is coupled to the lower sealing head 2135. The load 
mandrel 2145 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2145 may be ftbricated 
from any number of conventional commercially available materials such as, for 
exanyle, oilfield country tubular goods, low alloy steel, caibon steel, stainless steel 
or other similar high strength materials. The load mandrel 2145 is fabricated fiom 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low friction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 using 
any number of conventional commercially available mechanical coiq)lings such as, 
for exanq>le, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bcmding or a standard threaded connection. The 
load mandrel 2145 is removably coiq>led to the lower sealing head 2135 by a 
standard threaded connection in order to optimally provide high strength and permit 
easy replacement of the load mandrel 2145. 



The load mandrel 2 145 preferably includes a fluid passage 2180 that is adapted 
to convey fluidic materials from the fluid passage 2180 to die region outside of the 
apparatus 2100. The fluid passage 2180 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
5 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. The 
expansion cone 2150 is also movably coupled to die inner surface of the casing 
2155. In this manner, the upper sealing head 2130, outer sealing mandrel 2140, and 

10 the expansion cone 21 50 reciprocate in the axial direction. The reciprocation of the 
expansimi cone 2150 causes the casing 2155 to expand in tiie radial direction. 

The expansion cone 2150 preferably conqirises an annular member having 
substantially cylindrical inner and conical outer sur&ces. The outside radius of the 
outside conical surface may range, for exan^le, from about 2 to 34 indies. The 

15 outside radius of the outside conical sur&ce ranges from about 3 to 28 inches in 
order to optimally provide cone dimensions that are optimal for typical casings. The 
axial lengtti of die expansion cone 2150 may range, for example, from about 2 to 6 
times the largest outside diameter of the expansion cone 2150. The axial length of 
the expansion cone 2150 ranges from about 3 to 5 times the largest outside diameter 

20 of the expansion cone 2150 in order to optimally provide stability and centralization 
of the expansion cone 2150 dxnring the expansion process. The maximum outside 
diameter of the expansion cone 2150 is between about 90 to 100 % of the inside 
diameter of the existing wellbore that die casing 2155 will be joined with. The angle 
of attack of the expansion cone 2150 ranges from about 5 to 30 degrees in order to 

25 optimally balance friction forces and radial expansion forces. The optimal 
expansion cone 2150 angle of attack will vary as a function of the particular 
operating cmditions of the expansion operation. 

The expansion cone 2150 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 

30 steel, titanium, tungsten carbide, ceramics, or other similar high strength materials. 
The expansion cone 2150 is fabricated from D2 machine tool steel in order to 
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optimally provide high strength and resistance to wear and galling. The outside 
surface of the expansion cone 2150 has a surface hardness ranging from about 58 to 
62 Rockwell C in order to optimally provide resistance to wear. 

The expansion cone 2150 may he coupled to the outside sealing mandrel 2140 
5 using any number of conventional commercially available mechanical cotq>lings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, welding, amorphous bonding or a standard threaded 
connection. The e;q)ansion cone 2150 is coupled to the outside sealmg mandrel 
2140 using a standard threaded connection in order to optimally provide high 
10 strength and permit the expansion cone 2150 to be easily replaced. 

The casmg 2155 is removably coupled to the slips 2125 and expansion cone 
2150, The casing 2155 preferably comprises a tubular member. The casing 2155 
may be fabricated from any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield country tubular goods, low 
15 alloy steel, carbon steel, stainless steel or other similar high strengfli material. The 
casing 2155 is fabricated from oilfield country tubular goods available from various 
foreign and domestic steel mills in order to optimally provide high strength. 

The upper end 2260 of the casing 2155 includes a thin wall section 2265 and 
an outer annular sealing member 2270, The wall thickness of the thin wall section 
20 2265 is about 50 to 100 % of the regular wall thickness of tiie casing 2155. In this 
manner, the rxpper end 2260 of the casing 2155 may be easily expanded and 
deformed into intimate contact wiA the lower end of an existing section of wellbore 
casing. The lower end of ttie existing section of casing also includes a fliin wall 
section. In ttiis manner, ttie radial expansion of the thin walled section 2265 of 
25 casing 2155 into ttie tiun walled section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2270 may be fabricated from any number of 
omventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The annular sealing member 2270 is fabricated from 
30 StrataLock epoxy in order to optimally provide con^r^ssibility and resistance to 
wear. The outside diameter of the annular sealing member 2270 preferably ranges 



from about 70 to 95 % of ^ inside diameter of the lower section of the wellbore 
casing that the casing 2 1 55 is joined to. In this manner, after expansion, the annular 
sealing member 2270 preferably provides a fluidic seal and also preferably provides 
sufficient frictional force with the inside surface of the existing section of wellbore 
5 casing during the radial expansion of the casing 2 1 55 to support the casing 2155. 

The lower end 2275 of the casing 2155 includes a thin wall section 2280 and 
an outer annular sealing member 2285. The wall thickness of the thin wall section 
2280 is about 50 to 100 % of the regular wall thickness of the casing 2155. In this 
manner, the lower end 2275 of the casing 2155 may be easily expanded and 

10 deformed. Furthermore, in this manner, an other section of casing may be easily 
joined with the lower end 2275 of the casing 2155 using a radial expansion process. 
The upper end of the other section of casing also includes a thin wall section. In this 
manner, the radial expansion of the thin walled section of the upper end of die other 
casing into the thin walled section 2280 of the lower aid of the casing 2155 results 

15 in a wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2285 may be fabricated from any number of 
conventional conmiercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The annular sealing member 2285 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and wear resistance. 

20 The outside diameter of the annular sealing member 2285 preferably ranges from 
about 70 to 95 % of the inside diameter of the lower section of the existing wellbore 
casing that the casing 2155 is joined to. In this manner, the annular sealing member 
2285 preferably provides a fluidic seal and also preferably provides sufiicient 
frictional force with the inside wall of the wellbore during (tit radial expansion of 

25 the casing 2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a wellbcxe 
with die upper end 2260 of the casing 2155 positioned in an overlapping relationship 
with the lower end of an existing wellbore casing. The thin wall section 2265 of the 
casing 2155 is positioned in opposing overlapping relation with the tfiin wall section 

30 and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, die radial expansion of the casing 2155 will 
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compress the thin wall sections and annular conqjressible memba-s of flie upper end 
2260 of the casing 2155 and the lower end of the existing wellbore casing into 
intimate contact During the positioning of the apparatus 2100 in the wcUbore, the 
casing 2155 is supported by the expansion cone 2150. 

After positioning of flie apparatus 2100, a first fluidic material is then pumped 
into Ae fluid passage 2160. The first fluidic material may comprise any number of 
conventional commercially available materials such as, for exanq>le, drilling mud, 
water, epoxy, or cement The first fluidic material conqirises a hardenable fluidic 
sealing material such as, for exmplc, cement or epoxy in onier to provide a 
hardenable outer annular body around the expanded casing 2155. 

The first fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for exan5)le, firom about 0 to 4,500 psi 
and 0 to 3,000 gallons/mmutc. The first fluidic material is pumped into the fluid 
passage 2160 at operating pressures and flow rates ranging fi^m about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 

The first fluidic material punped into the fluid passage 2160 passes through 
the fluid passages 2165, 2170, 2175, 2180 and then outside of tfie apparatus 2100. 
The first fluidic material then fills the annular region between the outside of the 
apparatus 2100 and the interior walls of the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160, The plug 2245 
lodges in the throat passage 2240 and fluidicly isolates and blocks off the fluid 
passage 2175. A couple of volumes of a non-hardenable fluidic material are then 
pun^ into the fluid passage 2160 in order to remove any hardenable fluidic 
matmal contained wifliin and to ensure diat none of flie fluid passages are blocked. 

A second fluidic material is then pvaaaped into tfie fluid passage 2160. The 
second fluidic material may conqirise any number of conventional commercially 
available materials such as, for example, drilling mud, water, drilling gases, or 
lubricants. The second fluidic material conqjrises a non-hardenable fluidic material 
such as, for example, water, drilling mud or lubricant in order to optimally provide 
pressurization of the pressure chamber 2250 and minimize fiictional forces. 
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The second fluidic material may be pun:q>ed into the fluid passage 2160 at 
operating pressures and flow rates ranging, for exanq)le, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 2160 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
5 and 0 to 1,200 gallons/minute in order to optimally provide operational efficiaicy. 

The second fluidic material pumped into the fluid passage 21 60 passes through 
the fluid passages 2165, 2170, and 2175 into the pressure chambers 2195 of the slips 
2 1 25, and into Hie pressure chamber 2250. Continued pumping of the second fluidic 
materia] pressurizes the pressure chambers 2 195 and 2250. 
10 The pressurization of the pressure chambers 219S causes the slip members 

2205 to expand in the radial duectira and grip the intmor surface of the casing 
2155. The casing 2155 is dien preferably maintained in a substantially stationary 
position. 

The pressurization of the pressure diamber 2250 causes the upper sealing head 

15 2130, outer sealing mandrel 2140 and expansion cone 2150 to move in an axial 
direction relative to the casing 2155. In this manner, the expansion cone 2150 will 
cause the casing 2155 to expand in the radial direction. 

During the radial expansion process^ the casing 2155 is prevented fitim 
moving in an upward direction by the slips 2125. A length of the casing 2155 is 

20 then expanded in the radial direction through the pressurization of the pressure 
chamber 2250. The lengdi of die casing 2155 that is expanded during the expansion 
process will be proportional to the stroke length of Ae upper sealing head 2130, 
outer sealing mandrel 2140, and expansion cone 2150. 

Upon the conviction of a stroke, the operating pressure of the second fluidic 

25 material is reduced and the upper sealing head 2130, outer sealmg mandrel 2140, 
and oqNUision cone 2150 drop to their rest positions with the casing 2155 si^ported 
by the expansion cone 2150. The position of the drillpipe 2105 is prefinably 
adjusted throughout the radial expansion process in order to maintain the 
overlsqjping relationship between the thin walled sections of the lower end of the 

30 existing wellbore casing and the upper end of the casing 2155. The stroking of the 
expansion cone 2150 is then repeated, as necessary, until the thin walled section 



2265 of the upper end 2260 of the casing 2155 is expanded into the thin walled 
section of the lower end of the existing wellbore casing. In this manner, a wellbore 
casing is formed including two adjacent sections of casing having a substantially 
constant inside diameter. This process may flien be repeated for the entirety of flie 
wellbore to provide a wellbore casing thousands of feet in length having a 
substantially constant inside diameter. 

During the final stroke of the expansion cone 2150, the slips 2125 are 
positioned as close as possible to the fliin walled section 2265 of tfie upper end of 
the casing 2155 in order minimize sHi^iage between the casing 2155 and Ae existing 
wellbore casing at the end of die radial expansion process. Alternatively, or in 
addition, the outside diameter of flie annular sealing member 2270 is selected to 
ensure sufficient interference fit with the inside diameter of the lower end of the 
existing casing to prevent axial di^lacement of the casing 2155 during the final 
stroke. Alternatively, or in addition, the outside diameter of the annular sealing 
member 2285 is selected to provide an interference fit with the inside walls of the 
wellbore at an earlier point in the radial e?q>ansion process so as to prevent fiirther 
axial displacement of the casing 2155. In this final alternative, the interference fit is 
preferably selected to permit expansion of the casing 2155 by pulling the expansion 
cone 2150 out of the wellbore, without having to pressurize Ae pressure chamber 
2250. 

During the radial expansim process, the pressurized areas of the apparatus 
2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the pressure 
chambers 2195 within the slips 2125, and flie pressure chamber 2250. No fluid 
pressure acts directly on the casing 2155. This permits flie use of operating 
pressures highor dian the casing 2155 could normally withstand. 

Once die casing 2155 has been completely expanded off of the expansion cone 
2150,iemainingportionsoffteaK>aratus2100arercnx)vedfn>mtfiewcllbore. The 
contact pressure between the deformed fliin wall sections and conqiressible annular 
members of the lower end of the existing casing and the upper end 2260 of the 
casing 2155 ranges fit)m about 500 to 40,000 psi in order to optimally support die 
casing 2155 using the existing wellbore casing. 



In this manner, the casing 21SS is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2160, 216S, 
2170, and 2175 and the pressure diamber 22S0 of the apparatus 2100. 

As required, the annular body of hardenable fluidic material is flien allowed to 

5 cure to form a rigid outer annular body about the expanded casing 2155. In the case 
where the casing 2155 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2155. The resulting new section of wellbore casing 
includes Hxe expanded casing 2155 and the rigid outer annular body. The 
overlapping joint between tiie pre-existing wellbore casing and the expanded casing 

10 2155 includes the deformed thin wall sections and the compressible outer annular 
bodies. The inner diameter of the resulting combined wellbore casings is 
substantially constant In this manner, a mono-diameter wellbore casing is formed. 
This process of expanding overliqiping tubular members having thin wall end 
portions witii compressible annular bodies into contact can be repeated for the entire 

15 length of a wellbore. In this manner, a mono-diameter wellbore casing can be 
provided for tiiousands of feet m a subterranean formation. 

As the expansion cone 2150 nears the upper end of the casing 2155, the 
operating flow rate of the second fluidic material is reduced in order to minimize 
shock to the apparatus 2100. The apparatus 2100 includes a shock absorber for 

20 absorbing the shock created by the conq)letion of the radial expansion of the casing 
2155. , 

The reduced operating pressure of tiie second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2130 nears the end of the casing 2155 
in order to optimally provide reduced axial movement and velocity of the expansion 

25 cone 2130. The q)erating pressure of the second fluidic material is reduced during 
the return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2130 during the 
return stroke. The stroke length of the apparatus 2100 ranges fixsm about 10 to 45 
feet in order to optimally provide equipment lengths that can be handled by 

30 conventional oil well rigging equipment while also minimizing the frequency at 
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which Ae expansion cone 2130 must be stopped so that the apparatus 2100 can be 
re-stroked. 

At least a portion of the upper sealing head 2130 includes an expansion ame 
for radially expanding the casing 2155 during operation of the apparatus 2100 in 
order to ino-ease flie surfece area of the casing 2155 acted upon during the radial 
expansion process. In this manner, die operating pressures can be reduced. 

Alternatively, die qiparatus 2100 may be used to join a first section of pipeline 
to an existing section of pipeline. Altematively, tfie apparatus 2100 may be used to 
directly line the interior of a wellbore with a casing, widiout the use of an outer 
annular layer of a hardenable material. Altematively, the apparatus 2100 may be 
used to expand a tubular support rnemher in a hole. 

Referring now to Figures 17, 17a and 17b, an apparatus 2300 for expanding a 
tubular member will be described. The apparatus 2300 preferably includes a 
drillpipe 2305, an innerstring adapter 2310, a sealing sleeve 2315, a hydraulic slip 
body 2320, hydraulic slips 2325, an inner sealing mandrel 2330, an upper sealing 
head 2335, a lower sealing head 2340, a load mandrel 2345, an outer sealing 
mandrel 2350, an expansion cone 2355, a mechanical slip body 2360, mechanical 
slips 2365, drag blocks 2370, casing 2375, fluid passages 2380, 2385, 2390, 2395, 
2400, 2405, 2410, 2415, and 2485, and mandrel launcher 2480. 

The drillpipe 2305 is coupled to the innerstring adapter 2310. During 
operation of the £q>paratus 2300, the drillpipe 2305 supports the apparatus 2300. 
The drillpipe 2305 preferably conqirises a substantially hollow tubular member or 
members. The drillpipe 2305 may be fabricated fix>m any number of conventional 
commercially available materials sudi as, for example, oilfield counby tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high sticngfli 
materials. The drillpipe 2305 is fabricated firan coiled tubing in order to facilitate 
the placement of the apparatus 2300 in non-vertical wellbores. The drillpipe 2305 
may be coiq>led to the innerstring adapter 2310 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 



standard threaded connection. The drillpipe 230S is removably coii^led to the 
innerstring adapter 23 1 0 by a drillpipe connection. 

The drillpipe 2305 preferably includes a fluid passage 2380 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2385. The 

5 fluid passage 2380 is adapted to convey fluidic materials such as, for example, 
cement» water, epoxy, drilling muds, or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 5,000 gallons/minute in order to 
optimally provide operational efficiency. 

The innerstring adapter 2310 is coupled to the drill string 2305 and the sealing 

10 sleeve 2315* The innerstring adapter 2310 preferably conqirises a substantially 
hollow tubular mennber or members. The iimerstring adapter 2310 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar hig)i strength materials. The innerstring adapter 2310 

15 is fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction surfaces. 

The innerstring adapter 2310 maybe coupled to the drill string 2305 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 

20 connection, or a standard threaded connection. The innerstring adapter 2310 is 
removably coupled to the drill pipe 2305 by a drillpipe connection. The innerstring 
adapter 2310 may be coupled to the sealing sleeve 2315 using any number of 
conventional commercially available mechanical couplings such as, for example, a 
drillpipe connection, oilfield country tubular goods specialty threaded connection, or 

25 a standard threaded cormection. The innerstring adapter 2310 is removably coupled 
to tiie sealing sleeve 23 15 by a standard threaded connection. 

The innerstring adapter 2310 preferably includes a fluid passage 2385 that is 
adapted to convey fluidic materials from the fluid passage 2380 into the fluid 
passage 2390. The fluid passage 2385 is adapted to convey fluidic materials such 

30 as, for exaiiq>le, cement, epoxy, water, drilling mud, drilling gases or lubricants at 
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Operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 2315 is coupled to flie innerstring adapter 2310 and the 
hydraulic slip body 2320. The sealing sleeve 23 IS preferably comprises a 
5 substantially hollow tubular member or members. The sealing sleeve 23 IS may be 
febricated from any number of conventional commercially available materials sach 
as, for exanq)le, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strengtti mat^als. The sealing sleeve 2315 is 
fabricated from stainless steel in order to optimally provide high strength, comsion 

1 0 resistance, and low-friction sur&ces. 

The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillptpe connections, oilfield country tubular goods specialty threaded 
connections, or a standard threaded connection. The sealing sleeve 2315 is 

15 removably coupled to the innerstring adapter 2310 by a standard threaded 
connection. The sealing sleeve 2315 may be coupled to the hydraulic slip body 
2320 using any number of conventional conunercially available mechanical 
couplings such as, for exanq>le, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded cmnection. The sealing 

20 sleeve 23 IS is removably coupled to the hydraulic slip body 2320 by a standaid 
threaded connection. 

The sealing sleeve 2315 preferably includes a fluid passage 2390 that is 
adapted to convey fluidic materials fix)m the fluid passage 2385 into die fluid 
passage 2395. The fluid passage 2315 is adapVsd to convey fluidic materials such 

25 as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slip body 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrel 2330. The hydraulic slip body 
30 2320 preferably comprises a substantially hollow tubular member or members. The 
hydraulic slip body 2320 may be fabricated from any number of conventional 



conunercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or oAer high strength material. 
The hydraulic slip body 2320 is fabricated from carbon steel in order to optimally 
provide hig^ strength at low cost. 
5 The hydraulic slip body 2320 may be coupled to the sealing sleeve 23 1 5 using 

any number of conventional commercially available mechanical couplings such as, 
for exanq>le, driUpQ)e connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. The hydraulic slip body 2320 is 
removably coupled to the sealing sleeve 2315 by a standard threaded connection. 

10 The hydraulic slip body 2320 may be coupled to the slips 2325 using any number of 
conventional conmiercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amoiphous bonding or a standard threaded connection. The hydraulic slip 
body 2320 is removably coupled to the slips 2325 by a standard tiireaded 

15 onmection. The hydraulic slip body 2320 may be coupled to fhe inner sealing 
mandrel 2330 using any number of conventional commercially available mechanical 
couplings such as, for exanQ)le, drillpipe connection, oilfield country tubular goods 
specialty threaded coimection, welding, amorphous bonding or a standard threaded 
connection. The hydraulic slip body 2320 is removably coupled to tiie inner sealing 

20 mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 that is 
adapted to convey fiuidic materials £rom the fluid passage 2390 into the fluid 
passage 2405. The fluid passage 2395 is adapted to convey fluidic materials such 
as, for example, cement, qx>xy, water, drilling mud or lubricants at operating 

25 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slips body 2320 preferably includes fluid passage 2400 tiiat are 
adapted to convey fluidic materials from the fluid passage 2395 into the pressure 
chambers 2420 of the hydraulic slips 2325. In this manner, the slips 2325 are 
- 30 activated upon the pressurization of the fluid passage 2395 into contact with the 
inside surface of the casing 2375. The fluid passages 2400 are ada4)ted to convey 



fluidic materials such as, for example, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip body 
2320. During operation of flie apparatus 2300, the slips 2325 are activated upon the 
pressurization of flie fluid passage 2395 into contact with flie inside sur&ce of flie 
casing 2375. In this manner, the slips 2325 maintain the casing 2375 in a 
substantially stationary position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430. The slips 2325 may 
comprise any number of conventional commercially available hydraulic slips such 
as, for exanq)le, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. The slips 2325 comprise RTTS packer 
tungsten carbide hydraulic slips available from Halliburton Energy Services in order 
to optimally provide resistance to axial movement of the casing 2375 during the 
radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 2320 and 
the lower sealing head 2340. The inner sealing mandrel 2330 preferably con5>rises 
a substantially hollow tubular member or members. The inner sealing mandrel 2330 
may be fabricated from any number of conventional commercially available 
matmals such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar hig^ strength matoials. The inner 
sealing mandrel 2330 is fribricated from stainless steel in order to optimally provide 
high strength, corrosion resistance, and low friction sur&ces. 

The inner sealing mandrel 2330 may be ooi^led to tiie hydraulic slip body 
2320 using any number of conventional commercially available mechanical 
couplings such as, for exanq>le, driltpipe connection, oilfield country tubular goods 
specialQr tiireaded cormection, welding, amorphous bonding, or a standard threaded 
connection. The inner sealing mandrel 2330 is removably coupled to the hydraulic 
slip body 2320 by a standard threaded connection. The iimer sealing mandrel 2330 
may be coupled to ttie lower sealing head 2340 using any number of conventional 



commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. The inner sealing mandrel 
2330 is removably coupled to the lower sealing head 2340 by a standard threaded 
5 connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 that 
is adapted to convey fluidic materials from the fluid passage 2395 into the fluid 
passage 2415. The fluid passage 2405 is adapted to convey fluidic materials such 
as, for exanq>le, cement, epoxy, water, drilling mud, or lubricants at operating 
10 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 2345 and 
expansion cone 2355. The upper sealing head 2335 is also movably coupled to tiie 
outer sur&ce of the inner sealing mandrel 2330 and tiie inner sur&ce of tiie casing 

15 2375. In this manner,' the uppct sealing head 2335 reciprocates in the axial 
direction. The radial clearance between tfie inner cylindrical surface of the upper 
sealing head 2335 and tiie outer surface of the inner sealing mandrel 2330 may 
range, for exan^le, from about 0.0025 to 0.05 inches. The radial clearance between 
the inner cylindrical surface of the upper sealing head 2335 and the outer surface of 

20 the inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the iimer surface of the casing 
2375 may range, for exan^le, from about 0.025 to 0.375 inches. The radial 
clearance between the out^ cylindrical surface of the upper sealing head 2335 and 

25 the inner surlace of the casing 2375 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for tiie expansion cone 2355 during the 
e)q)ansion process. 

The upper sealing head 2335 preferably comprises an annular member having 
substantially cylindrical inner and outer surfiices. The ^n>er sealing head 2335 may 
30 be fabricated fix>m any number of conventional commercially available materials 
such as, for exanq>le, oilfield country tubular goods, low alloy steel, carbon steel, 
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stainless steel or otfier similar high strength materials. The upper sealing head 2335 
is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface of the upper 
sealing head 2335 preferably includes one or more annular sealing members 2435 
5 for sealing the interface between the upper sealing head 2335 and the inner sealing 
mandrel 2330. The sealing members 2435 may comprise any number of 
conventional commercially available annular sealing members such as» for exanq>le, 
o-rings, polypak seals or metal spring energized seals. The sealing members 2435 
conqirise polypak seals available from Parker Seals in order to optimally provide 

1 0 sealing for a long axial stroke. 

The upper sealing head 2335 includes a shoulder 2440 for siq)porting tfie iqypo- 
sealing head on the lower sealing head 1930. 

The upper sealing head 2335 may be coupled to the outer sealing mandi^l 
2350 using any numb^ of conventional commercially available mechanical 

15 couplmgs such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard threaded 
connection. The upper sealing head 2335 is removably coupled to the outer scaling 
mandrel 2350 by a standard threaded connection. The mechanical coupling 
between the upper sealing head 2335 and the outer sealing mandrel 2350 includes 

20 one or more sealing members 2445 for fluidicly sealing the interface between tiie 
i^er sealing head 2335 and the outer sealing mandrel 2350. The sealing members 
2445 may comprise any number of conventional commercially available sealing 
menibers such as, for example, o-rings, polypak seals or metal spring eneigized 
seals. The sealing members 2445 comprise polypak seals available from Paricer 

25 Seals in order to optimally provide sealing for long axial strokes. 

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 and 
the load mandrel 2345. The lower sealing head 2340 is also movably coupled to the 
inner surface of the outer sealing mandrel 2350. In this manner, the upper sealing 
head 2335 and outer sealing mandrel 2350 reciprocate in the axial direction. The 

30 radial clearance between the outer surface of the lower sealing head 2340 and the 
inner surface of the outer sealing mandrel 2350 may range, for example, from about 
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0.0025 to O.OS inches. The radial clearance between the outer surface of ttie lower 
sealing head 2340 and the inner surface of the outer sealing mandrel 2350 ranges 
front about O.OOS to 0.010 indies in order to optimally provide minimal radial 
clearance. 

5 The lower sealing head 2340 preferably comprises an annular member having 

substantially cylindrical inner and outer surfaces. The lower sealing head 2340 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield tubular members, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The lower sealing head 2340 

10 is fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction sur&ces. The outer surface of the lower 
sealing head 2340 prefa:ably includes one or more annular sealing members 2450 
for sealing fhe inter&ce between the lower sealing head 2340 and the outer sealing 
mandrel 2350. The sealing members 2450 may conqirise any number of 

15 conventional commercially available annular sealing mraibers such as, fx escample, 
o-rings, polypak seals or metal spring energized seals. The sealing members 2450 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The lower sealing bead 2340 may be coupled to the inner sealing mandrel 

20 2330 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard threaded 
connection. The lower sealing head 2340 is removably coi4>led to the inner sealing 
mandrel 2330 by a standard threaded connection. The mechanical coupling 

25 between the low^ sealing head 2340 and the inner sealing mandrel 2330 includes 
one or more sealing members 2455 for fluidicly sealing die interface between the 
lower sealing head 2340 and the inner sealing mandrel 2330. The sealing members 
2455 may con^se any numbo- of conventional commercially available sealing 
members such as, for exanqple, o-rings, polypak or metal spring energized seals. 

30 The sealing members 2455 comprise polypak seals available from Park^ Seals in 
order to optimally provide sealing for a long axial stroke length. 



:>18; 



The lower sealing head 2340 may be coupled to the load mandrel 2345 using 
any number of conventional commercially available mechanical couplings such as, 
for exan5)le, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. The 
lower sealing head 2340 is removably coiq>led to the load mandrel 2345 by a 
standard (breaded connection. The mechanical coupling between the lower sealing 
head 2340 and ttie load mandrel 2345 includes one or more sealing members 2460 
for fluidicly sealing the interface betwem the lower sealing head 2340 and the load 
mandrel 2345. The sealing members 2460 may conprise any number of 
conventional commercially available sealing members such as, for exan^le» o-rings, 
polypak seals or metal spring ena^ized seals. The sealing members 2460 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke length. 

The lower sealing head 2340 includes a throat passage 2465 fluidicly coupled 
between the fluid passages 2405 and 2415. The tfiroat passage 2465 is preferably of 
reduced size and is adapted to receive and engage with a plug 2470, or other similar 
device. In this manner, the fluid passage 2405 is fluidicly isolated from the fluid 
passage 2415. In this manner, the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 2335 and 
the expansion cone 2355. The outer sealing mandrel 2350 is also movably coupled 
to the inner surface of the casing 2375 and flie outer surface of the lower sealing 
head 2340. In this manner, the tqiper sealing head 2335, outer sealing mandrel 
2350, and the expansion cone 2355 reciprocate in flie axial direction. The radial 
clearance between tfie outer surface of the outer sealing mandrel 2350 and flie mner 
surface of the casing 2375 may range, for example, from about 0.025 to 0.375 
inches. The radial clearance between flie outer surfece of the outer sealing mandrel 
2350 and tfie inner sur&ce of the casing 2375 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for tije expansion cone 2355 during 
the expansion jmcess. The radial clearance between fte inner surface of the outer 
sealing mandrel 2350 and the outer surface of the lower sealing head 2340 may 
range, for example, from about 0.0025 to 0.375 inches. The radial clearance 
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between the inner surface of flie outer sealing mandrel 2350 and the outer surface of 
the lower sealing head 2340 ranges from about 0.005 to 0.010 inches in order to 
optimally provide minimal clearance. 

The outer sealing mandrel 2350 preferably conqnises an annular member 
5 having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2350 may be fabricated from any number of conventional commercially available 
materials such as, for exan:q>le, low alloy steel, carbon steel, stainless steel or other 
similar hig^ strength materials. The outer sealing mandrel 2350 is fabricated from 
stainless steel in order to c^timally provide high strengdi, corrosion resistance, and 

1 0 low friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing head 
2335 using any number of conventional commercially available mechanical 
couplings sudi as, for exanq>le, drillpipe connections, oilfield country tubular goods 
specialty threaded cmnections, welding, amorphous bonding, or a standard tiireaded 

15 connection. The out^ sealing mandrel 2350 is removably coupled to tfie upper 
sealing head 2335 by a standard threaded connection. The outer sealing mandrel 
2350 may be coupled to the expansion cone 2355 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, welding, 

20 amorphous bonding, or a standard threaded connection. The outer sealing mandrel 
2350 is removably coupled to the expansion cone 2355 by a standard threaded 
connection. 

The upper sealing head 2335, the lower sealing head 2340» the inner sealmg 
numdrel 2330» and the outer sealing mandrel 2350 togetho: define a pressure 

25 chamber 2475. The pressure chamber 2475 is fluidicly coupled to the passage 2405 
via one or more passages 2410. During operation of the apparatus 2300, the plug 
2470 en^ges with ihc throat passage 2465 to fluidicly isolate tfie fluid passage 2415 
from the fluid passage 2405. The pressure chamber 2475 is then pressurized which 
in turn causes the upper sealing head 2335, outer sealing mandrel 2350, and 

30 expansion cone 2355 to reciprocate in the axial direction. The axial motion of tfie 
expansion cone 2355 in turn expands the casmg 2375 in the radial direction. 

• • • • • • • 



The load mandrel 2345 is coupled to tfie lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 preferably conq)rises an annular 
member having substantially cylindrical inner and outer surfaces. The load mandrel 
2345 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar higji strength materials. The load 
mandrel 2345 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2345 may be coupled to flie lower sealing head 2340 using 
any number of conventional comrnercially available mechanical coiq)Iings such as, 
for exanq>Ie, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amoiplious bonding or a standard threaded connection. The 
load mandrel 2345 is removably coiq>led to tiie lower scaling head 2340 by a 
standard threaded connection. The load mandrel 2345 may be coupled to the 
medianical slip body 2360 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty threaded connection, welding, amorphous bonding, 
or a standard threaded connection. The load mandrel 2345 is removably coupled to 
die mechanical slip body 2360 by a standard threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is adapted 
to convey fluidic materials from tiie fluid passage 2405 to the region outside of flie 
apparatus 2300. The fluid passage 2415 is adapted to convey fluidic materials such 
as, for example, cement, q)oxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. The 
expansion cone 2355 is also movably coupled to the inner surface of the casing 
2375. In this manner, the upper sealing head 2335, outer sealing mandrel 2350, and 
tfie expansion cone 2355 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2355 causes tiie casing 2375 to expand in the radial direction. 



The expansion cone 23SS preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for exanqile, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 inches in 
5 order to optimally provide radial expansion of the typical casings. The axial length 
of the expansion cone 2355 may range, for example, from about 2 to 8 times the 
largest outside diameter of the expansion cone 2355. The axial length of the 
expansion cone 2355 ranges from about 3 to 5 times the largest outside diameter of 
the expansion cone 2355 in order to optimally provide stability and centralization of 

10 the expansion cone 2355 during the expansion process. The angle of attack of the 
expansion cone 2355 ranges from about 5 to 30 degrees in order to optimally 
fractional forces with radial expansion forces. The optimum angle of attack of the 
expansion cone 2355 will vary as a Amotion of tiie operating parameters of the 
particular e;q)ansion operation. 

1 5 The expatoion cone 2355 may be febricated from any number of conventional 

commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 
The expansion cone 2355 is fabricated from D2 machine tool steel in order to 
optimally provide high strength, abrasion resistance, and galling resistance. The 

20 outside surface of the expansion cone 2355 has a surface hardness ranging from 
about 58 to 62 Rockwell C in order to optimally provide high strength, abrasion 
resistance, resistance to galling. 

The e>q>ansion cone 2355 may be coupled to the outside sealing mandrel 2350 
using any number of conventional commercially available mechanical couplings 

25 such as, for exaiiq[>le» drillpipe connection, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 
connecticm. The expansion cone 2355 is coupled to the outside sealing mandrel 
2350 using a standard tfireaded connection in order to optimally provide high 
strength and permit tfie expansion cone 2355 to be easily replaced 

30 The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 

launcher 2480 comprises a tubular section of casing having a reduced wall tfuckness 
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conq>ared to the casing 2375. The wall thickness of the mandrel launcher 2480 is 
about 50 to 100 % of the wall thickness of the casing 2375. In this manner, the 
initiation of the radial expansion of the casing 2375 is facilitated, and the placement 
of the apparatus 2300 into a wellbore casing and wellbore is facilitated 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical couplings. The mandrel launcher 2480 may 
have a wall thickness ranging, for exan^le, from about 0.15 to 1.5 inches. The wall 
thickness of the noandrel launcher 2480 ranges from about 0.25 to 0.75 inches in 
order to optimally provide higji strength in a minimal profile. The mandrel launcher 
2480 may be febricated from any numb^ of conventional commercially available 
materials such as» for exan^Ie, oilfield tubular goods, low alloy steel, carbon steel, 
stainless steel or otiier similar high straigtfa materials. The mandrel launcher 2480 is 
fabricated from oilfield tubular goods having a higher strength than fliat of the 
casing 2375 but with a smaller wall thickness than the casing 2375 in order to 
optimally provide a thin walled container having approximately the same burst 
strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 2460 
preferably comprises a tubular member having an inner passage 2485 fluidicly 
coupled to the passage 2415. In this manner, fiuidic materials may be conveyed 
fit>m the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 
using any number of conventional mechanical couplings. The mechanical slip body 
2360 is removably coupled to the load mandrel 2345 using threads and sliding steel 
retaining rings in order to optimally provide a high strength attachment. The 
mechanical slip body 2360 may be coupled to the mechanical slips 2365 using any 
number of conventional mechanical couplings. The mechanical slip body 2360 is 
removably coupled to tfie mechanical slips 2365 using threads and sliding steel 
retaining rings in order to optimally provide a high strength attachment The 
mechanical slip body 2360 may be coupled to the drag blocks 2370 using any 
number of conventional mechanical couplings. The mechanical slip body 2360 is 



removably coupled to the drag blocks 2365 using threads and sliding steel retaining 
rings in order to optimally provide a high strength attachment. 

The mechanical slips 2365 are coupled to the outside surface of the mechanical 
slip body 2360. During operation of the apparatus 2300, the mechanical slips 2365 
5 prev«it upward movement of the casing 2375 and mandrel launcher 2480. In this 
manner, during the axial reciprocation of the expansion cone 2355, the casing 2375 
and mandrel launcher 2480 are maintained in a substantially stationary position. In 
this manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 
10 The mechanical slips 2365 may conq>rise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungstm caibide upper mechanical slips. The 
mechanical slips 2365 conqmse RTTS packer tungsten caibide mechanical slips 
15 available from Halliburton Energy Savices in order to optimally provide resistance 
to axial movement of the casing 2375 during the expansion |moess. 

The drag blocks 2370 are coupled to the outside surface of the mechanical slip 
body 2360, During operation of the apparatus 2300, the drag blocks 2370 prevent 
upward movement of the casing 2375 and mandrel launcher 2480. In this manner, 
20 during the axial reciprocation of the expansion cone 2355, the casing 2375 and 
mandrel launcher 2480 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 

The drag blocks 2370 may conprise any nuixiber of conventional 
25 commercially available mechanical slips such as, for exan^le, RTTS packer 
mechanical drag blodcs or Model 3L retrievable bridge plug drag blocks. The drag 
blocks 2370 coniprise RTTS packer mechanical drag blodcs available from 
Halliburton Energy Swvices in order to optimally provide resistance to axial 
movement of tfie casing 2375 during the e3q)ansion process. 
30 The casing 2375 is coupled to the mandrel launcher 2480. The casing 2375 is 

further removably coupled to the mechanical slips 2365 and drag blocks 2370. The 



casing 2375 preferably comprises a tubular member. The casing 2375 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubulars, oil country tubular goods, carbon steel, low alloy 
steel, stainless steel or othw similar high strengtfi materials. The casing 2375 is 
febricated from oilfield country tubular goods available from various foreign and 
domestic steel mills in order to optimally provide high strength. The upper end of 
the casing 2375 includes one or more scaling members positioned about the exterior 
ofthe casing 2375. 

During operation, tfie apparatus 2300 is positioned in a wellbore with the upper 
end of file casing 2375 positioned in an overlqjping relationship within an existing 
wellbore casing. In order minimize surge pressures witfiin the borehole during 
placement of the apparatus 2300, the fluid passage 2380 is pref^ably provided with 
one or more pressure relief passages. During the placement of tiie apparatus 2300 in 
the wellbore, the casing 2375 is supported by the expansion cone 2355. 

After positioning of die apparatus 2300 wifliin the bore hole in an overlapping 
relationship with an existing section of wellbore casing, a first fluidic material is 
pun5)ed into the fluid passage 2380 from a surface location. The first fluidic 
material is conveyed from the fluid passage 2380 to the fluid passages 2385, 2390, 
2395, 2405, 2415, and 2485. The first fluidic material will then exit die apparatus 
2300 and fill die annular region between the outside ofthe apparatus 2300 and the 
interior walls of the bore hole. 

The first fluidic materia] may comprise any numb^ of conventional 
commorcially available matmals such as, for example, epoxy, drilling mud, slag 
mix, cemmt, <nr wat^. The first fluidic material comprises a hardenable fluidic 
sealing material such as, for example, slag mix, epoxy, or cement. In this manner, a 
wellbore casing having an outer annular layer of a hardenable material may be 
formed. 

The first fluidic material may be pumped into the apparatus 2300 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. The first fluidic material is pumped into the apparatus 2300 at 
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operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 
gallons/minute in order to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 2300 has been filled to 
5 a predetermined level, a plug 2470, dart, or other similar device is introduced into 
the first fluidic material. The plug 2470 lodges in the throat passage 2465 thereby 
fluidicly isolating the fluid passage 2405 from the fluid passage 2415. 

After placement of the plug 2470 in the throat passage 2465, a second fluidic 
mat^al is pumped into the fluid passage 2380 in order to pressurize the pressure 
10 chamber 2475. The second fluidic material may con^se any number of 
conventional commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricants. The second fluidic material conqirisc» a non- 
hardenable fluidic material such as, for example, water, drilling mud or lubricant 

The second fluidic material may be punq>ed into flie apparatus 2300 at 
15 operating pressures and flow rates ranging, for example, fix>m about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic mat^al is pumped into the 
apparatus 2300 at operating pressures and flow rates ranging from about 0 to 3,500 
psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

20 The pressurization of the pressure chamber 2475 causes the upper sealing head 

2335, outer sealing mandrel 2350, and expansion cone 2355 to move in an axial 
direction, the pressurization of the pressure chamber 2475 also causes the 
hydraulic slips 2325 to expand in the radial direction and hold the casing 2375 in a 
substantially staticxiaiy position. Furthermore, as the expansion cone 2355 moves 

25 in tiie axial direction, tiie expansion cone 2355 puUs the mandrel launcher 2480 and 
drag blocks 2370 along, which sets the mechanical slips 2365 and stops frirtiier axial 
nu>vemmt of the mandrel launcher 2480 and casing 2375. In this manner, the axial 
movement of tfie expansion cone 2355 radially expands the mandrel launcher 2480 
and casing 2375. 

30 Once flie upper sealing head 2335, outer sealing mandrel 2350, and expansion 

cone 2355 complete an axial stroke, the operating pressure of the second fluidic 




material is reduced. The reduction in the operating pressure of the second fluidic 
material releases the hydraulic slips 2325. The drill string 2305 is then raised. This 
causes the inner sealing mandrel 2330, lower sealing head 2340, load mandrel 2345, 
and mechanical slip body 2360 to move upward. This unsets the mechanical slips 
2365 and permits the mechanical slips 2365 and drag blocks 2370 to be moved 
within the mandrel launcher 2480 and casing 2375. When the lower sealing head 
2340 contacts the upper sealing head 2335, the second fluidic material is again 
pressurized and die radial expansion process continues. In this manner, the mandrel 
launcher 2480 and casing 2375 are radial expanded through repeated axial strokes of 
tiie upper sealing head 2335, outer sealing mandrel 2350 and expansion cone 2355. 
Throughput the radial expansion process, the upper end of the casing 2375 is 
preferably maintained in an overlapping relation with an existing section of wellbore 
casing. 

At the end of the radial expansion process, the upper end of flie casing 2375 is 
expanded into intimate contact with the inside surface of the lower end of the 
existing wellbore casing. The sealing members provided at the upper end of the 
casing 2375 provide a fluidic seal between the outside surface of the upper end of 
the casing 2375 and the inside surface of the lower end of the existing wellbore 
casing. The contact pressure between the casing 2375 and flie existing section of 
wellbore casing ranges from about 400 to 10,000 psi in order to optimally provide 
contact pressure, activate the sealing members, and withstand typical tamlc and 
conp^ssive loading conditions. 

As tiie expansion cone 2355 nears Oie upper end of the casing 2375, the 
operating pressure of tfie second fluidic material is reduced in oider to minimize 
shock to the apparatus 2300. The qiparatus 2300 includes a shock absorber for 
absorbing the shock created by flie completion of the radial expansion of die casing 
2375. 

The reduced operating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as flie expansion cone 2355 nears the end of tfie casing 2375 
in order to optimally provide reduced axial movement and velocity of die expansion 
cone 2355. The operating pressure of the second fluidic material is reduced during 



fhe return stroke of the apparatus 2300 to the range of about 0 to SOO psi in order 
minimize Ifae resistance to the movement of the expansion cone 2355 during the 
return stroke. The stroke Imgdi of the apparatus 2300 ranges from about 10 to 45 
feet in order to optimally provide equipment that can be handled by typical oil well 

5 rigging equipment and minimize the frequency at which the expansion cone 2355 
must be stopped to permit the apparatus 2300 to be re-stroked. 

At least a portion of the upper sealing head 2335 includes an expansion cone 
for radially expanding the mandrel launcher 2480 and casing 2375 during operation 
of die apparatus 2300 in order to increase the surface area of fhe casing 2375 acted 

10 upon during the radial expansion process. In this manner, the opmting pressures 
can be reduced 

Mechanical slips 2365 are positioned in an axial location between the sealing 
sleeve 2315 and the inner sealing mandrel 2330 m order to optimally the 
construction and operation of the apparatus 2300. 

15 Upon the complete radial expansion of die casing 2375, if applicable, the first 

fluidic material is permitted to cure witiiin the annular region between the outside of 
the expanded casing 2375 and fte interior walls of the wellbore. In the case where 
the casing 2375 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2375, In this manner, a new section of wellbore 

20 casing is formed within a wellbore. Alternatively, the apparatus 2300 may be used 
to join a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2300 may be used to directly line the interior of a wellbore with a casing, 
without the use of an outer annular layer of a hardenable material. Alternatively, the 
^aratus 2300 may be used to expand a tubular support member in a hole. 

25 During the radial expansion process, the pressurized areas of the iq)paratus 

2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405, and 
2410, and die pressure chamber 2475. No fluid pressure acts directly on the mandrel 
launcher 2480 and casing 2375. This permits the use of operating pressures higher 
than the mandrel launcher 2480 and casing 2375 could nmnally withstand. 

30 Referring now to Figure 18, an apparatus 2500 for forming a mono-diameter 

wellbore casing will be described. The apparatus 2500 preferably includes a 
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drillpipe 2505, an innerstring adapter 2510, a sealing sleeve 2515, a hydraulic slip 
body 2520, hydraulic slips 2525, an inner sealing mandrel 2530, upper sealing head 
2535, lower sealing head 2540, outer sealing mandrel 2545, load mandrel 2550, 
expansion cone 2555, casing 2560, and fluid passages 2565, 2570, 2575, 2580, 
5 2585, 2590, 2595, and 2600. 

The drillpipe 2505 is coupled to the innerstring ad^ter 2510. During 
operation of the apparatus 2500, the drillpipe 2505 supports the ai^aratus 2500. 
The drillpipe 2505 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2505 may be fabricated fiom any number of conventional 

10 commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. The drillpipe 2505 is fabricated from coiled tubing in order to fecilitate 
Ae placement of the apparatus 2500 in non-vertical wellbores. The drillpipe 2505 
may be coupled to the innerstring adapter 2510 using any number of conventional 

15 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 
standard threaded connection. The drillpipe 2505 is removably coupled to the 
innerstring adapter 2510 by a drillpipe connection, a drillpipe connection provides 
the advantages of high strength and easy disassembly. 

20 The drillpipe 2505 preferably includes a fluid passage 2565 fhat is adapted to 

convey fluidic materials firom a surface location into flie fluid passage 2570. The 
fluid passage 2565 is adapted to convey fluidic materials such as, for exanq[)le, 
cement, epoxy, water, drilling mud, or lubricants at operating pressures and flow 
rates ranging fix>m about 0 to 9,000 psi and 0 to 3,000 gallons/mmute. 

25 The innerstring adapter 2510 is coupled to the drill string 2505 and the sealing 

sleeve 2515. The innerstring adq)ter 2510 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2510 may be 
fabricated fi-om any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 

30 stainless steel or other similar high strength materials. The innerstring ad^ter 2510 
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is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The innerstring adapter 25 10 may be coupled to flie drill string 2505 using any 
number of conventional commercially available mechanical couplings such as, for 

5 example, drillpipe connection, oilfield country tubular goods q>ecialty type threaded 
connection, or a standard threaded connection. The innerstring adapter 2510 is 
removably coupled to the drill pipe 2505 by a drillpipe connection. The innerstring 
adapts 2510 may be coupled to the sealing sleeve 2515 using any number of 
conventional commercially available mechanical couplings such as, for example, 

10 drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. The innerstring adapter 2510 is removably coupled to flie sealing sleeve 
25 15 by a standard threaded connection. 

The innerstring adapter 2510 preferably includes a fluid passage 2570 that is 

15 adapted to convey fiuidic materials from the fluid passage 2565 into the fluid 
passage 2575. The fluid passage 2570 is adapted to convey fluidic materials sudi 
as, for example, cement, epoxy, wato*, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

20 The sealing sleeve 2515 is coupled to tfie innerstring adapter 2510 and the 

hydraulic slip body 2520. Tlie seaUng sleeve 2515 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 25 1 5 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 

25 stainless steel or other similar high strength matmals. The sealing sleeve 2515 is 
iabricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low-friction surfru:es. 

The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 using 
any number of conventional commercially available mechanical couplings such as, 

30 for exanq)le, drillpipe connections, oilfield country tubular goods specialty type 
threaded connection, ratdiet-latch type threaded connection, or a standard tibreaded 
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connection. The sealing sleeve 25 IS is removably coupled to the innerstring adapter 
2510 by a standard threaded connection. The sealing sleeve 25 1 5 may be coupled to 
the hydraulic slip body 2520 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
5 country tubular goods specialty type threaded coxmection, ratchet-latch type 
threaded connection, or a standard threaded connection. The sealing sleeve 2515 is 
removably coupled to the hydraulic slip body 2520 by a standard threaded 
connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is 
10 adapted to convey fiuidic materials from Hie fluid passage 2570 into the fluid 
passage 2580. The fluid passage 2575 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

15 The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 

hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip body 
2520 preferably comprises a substantially hollow tubular member or members. The 
hydraulic slip body 2520 may be fabricated from any number of conventional 
commercially available materials such as, for exan^le, oilfield country tubular 

20 goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
matmals. The hydraulic slip body 2520 is fabricated from caibon steel in order to 
optimally provide high strmgtfa. 

The hydraulic slip body 2520 may be coiq>Ied to the sealing sleeve 2515 using 
any number of conventional commercially available mechanical couplings sudi as, 

25 for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 
connection. The hydraulic slip body 2520 is removably coupled to tiie sealing 
sleeve 2515 by a standard threaded connection. The hydraulic slip body 2520 may 
be coiq>led to tiie slips 2525 using any number of conventional commercially 

30 available mechanical couplings such as, for exan^le, threaded connection or 
welding. The hydraulic slip body 2520 is removably coupled to the slips 2525 by a 
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threaded connection. The hydraulic slip body 2520 may be coupled to the inner 
sealing mandrel 2530 xising any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding or a 

5 standard threaded connection. The hydraulic slip body 2520 is removably coupled 
to the inner sealing mandrel 2530 by a standard threaded connection. 

The hydraulic slips body 2520 preferably includes a fluid passage 2580 that is 
ad^ted to convey fluidic materials from the fluid passage 2575 into the fluid 
passage 2590. The fluid passage 2580 is adapted to convey fluidic materials such 

10 as, for example, cement, q^oxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 fliat are 
adapted to cravey fluidic materials from the fluid passage 2580 into the jvessure 

15 chanibers of the hydraulic slips 2525. In this manner, the slips 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact witti the inside sur&ce 
of the casing 2560. The fluid passages 2585 are adapted to convey fluidic materials 
such as, for example, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/mmute. • 

20 The slips 2525 are coupled to the outside surface of the hydraulic slip body 

2520. During operation of Ihe apparatus 2500, the slips 2525 are activated iq)on the 
pressurization of the fluid passage 2580 into contact with flie inside surface of the 
casing 2560. hi this manner, ihe slips 2525 maintain the casing 2560 in a 
substantially stationary position. 

25 The slips 2525 preferably include the fluid passages 2585, the pressure 

dianibers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 
comprise any nund>er of conventional commercially available hydraulic slips such 
as, for exanq>le, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. The sUps 2525 comprise RTTS packer 

30 tungsten carbide hydraulic slips available from Halliburton Energy Services in order 




to optimally provide resistance to axial movement of the casing 2560 during the 
expansion process. 

The inner scaling mandrel 2530 is coupled to the hydraulic slip body 2520 and 
the lower sealing head 2540. The inner sealing mandrel 2530 preferably comprises 
5 a substantially hollow tubular member or members. The inner sealing mandrel 2530 
may be fabricated from any number of conventional commercially available 
materials such as, for exantiple, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar hi^ strength materials. The inner 
sealing mandrel 2530 is febricated from stainless steel in order to optimally provide 

1 0 high strength, corrosion resistance, and low friction sur&ces. 

The inner sealing mandrel 2530 may be coupled to the hydraulic slip body 
2520 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded coimection, welding, amorphous bonding, or a standard 

15 threaded connection. The inner sealing mandrel 2530 is removably coupled to the 
hydraulic slip body 2520 by a standard threaded connection. The inner sealing 
mandrel 2530 may be coiq>led to the lower scaling head 2540 usmg any number of 
conventional commercially available mechanical couplings such as, for exanq>le, 
oilfield country tubular goiods specialty type threaded connection, drillpipe 

20 connection, welding, amorphous bonding, or a standard threaded connection. The 
inner sealing mandrel 2530 is removably coi^led to the lower sealing head 2540 by 
a standard threaded ccmnection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 that 
is adapted to convey fluidic materials fix>m tiie fluid passage 2580 into the fluid 

25 passage 2600. The fluid passage 2590 is adq>ted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
I^essures and flow rates ranging fix>m about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 2545 and 
30 expansion cone 2555. The upper sealing head 2535 is also movably coupled to the 
outer surface of the inner sealing mandrel 2530 and the inner surface of the casing 
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2560. In ihis manner, the iqyper sealing head 2S3S reciprocates in the axial 
direction. The radial clearance between the inner cylindrical sur£Eice of the upper 
sealing head 2S3S and the outer surface of the inner sealing mandrel 2530 may 
range, for exan^le, from about 0.0025 to 0.05 inches. The radial clearance between 

5 the inner cylindrical surface of the upper sealing head 2535 and tiie outer surface of 
the inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2535 and the inner surfece of die casing 
2560 may range, for example, from about 0.025 to 0.375 inches. The radial 

10 clearance between the outer cylindrical surface of the upper sealing head 2535 and 
the inner surfiice of the casing 2560 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for the expansion cone 2535 during the 
expansion process. 

The iq>per sealing head 2535 preferably conq)rises an annular member having 

1 5 substantially cylindrical inner and outer surfaces. The upper sealing head 2535 may 
be fabricated from any number of conventional commercially available matoials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The upper sealing head 2535 
is fabricated from stainless steel in order to optimally provide higji strengtii, 

20 corrosion resistance, and low friction surfaces. The inner surface of the upper 
sealing head 2535 preferably includes one or more annular sealmg memb^ 2620 
for sealing the interface between the upper sealing head 2535 and tiie iimer sealing 
mandrel 2530. The sealing members 2620 may conprise any number of 
conventional commercially available annular sealing members such as, for example, 

25 o-rings, polypak seals, or metal spring energized seals. The sealing members 2620 
coxxQirise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The upper sealing head 2535 mcludes a shoulder 2625 for supporting the upper 
sealing head 2535, outer sealing mandrel 2545, and expansim cone 2555 on the 

30 lower sealing head 2540. 



The upper sealing head 2535 may be coupled to the outer sealing mandrel 
2545 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, pipeline connection, welding, amorphous bonding, or a standard 
5 threaded connection. The upper sealing head 2535 is removably coupled to the 
outer sealing mandrel 2545 by a standard threaded connection. The mechanical 
coupling between the upper sealing head 2535 and die outer sealing mandrel 2S4S 
includes one or more sealing members 2630 for fluidicly sealing the interface 
between the upper sealing head 2535 and tfie outer sealing mandrel 2545. The 
10 sealing members 2630 may comprise any number of conventional commercially 
available sealing members such as, for exanq)le, o-rings, polypak seals or metal 
spring energized seals. Hie sealing members 2630 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to tiie inner sealing mandrel 2530 and 
15 the load mandrel 2550. The low^ sealing head 2540 is also movably coupled to the 
inner surface of the out^ sealing mandrel 2545. In this manner, the upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555 reciprocate in the 
axial direction. 

The radial clearance between die outer surface of the lower sealing head 2540 
20 and die inner surface of the outer sealing mandrel 2545 may range, for example, 
from about 0.0025 to^ 0.05 inches. The radial clearance between the outer surface of 
the lower sealing head 2540 and flie inner surface of the outer sealing mandrel 2545 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal radial 
clearance. 

25 The lower sealing head 2540 prefmbly comprises an annular member having 

substantially cylindrical inner and outer surfaces. The lower sealmg head 2540 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The lower sealing head 2540 

30 is fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction surfaces. The outer surface of the lower 
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sealing head 2S40 preferably includes one or nx>re annular sealing members 2635 
for sealing the interface between the lower sealing head 2540 and the outer sealing 
mandrel 2545. The sealing members 2635 may comprise any number of 
conventional commercially available annular sealing members such as, for exanple, 
5 o-rings, polypak seals, or metal spring energized seals. The sealing members 2635 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The lower sealmg head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional commercially available mechanical 

10 couplings such as, for exanq>le, drillpipe connections, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection* The lower sealing 
head 2540 is removably coupled to the inner sealing mandrel 2530 by a standard 
threaded connection. The mechanical coupling between the lower sealing head 
2540 and the inner sealing mandrel 2530 includes one or more sealing members 

15 2640 for fluidicly sealing the inter&ce between the lower sealing head 2540 and the 
inner sealing mandrel 2530. The sealing members 2640 may conq>rise any number 
of conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. The sealing members 2640 
comprise polypak seals available from Parker Seals in ord«- to optimally provide 

20 sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the load mandrel 2550 using 
any number of conventional commercially available mechanical couplings such as, 
for exan^le, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded 

25 connection. The lower sealing head 2540 is removably coiq3led to the load mandrel 
2550 by a standard threaded connection. The mechanical coupling between the 
lower sealing head 2540 and the load mandrel 2550 includes one or more sealing 
members 2645 for fluidicly sealing die interfoce between the lower sealing head 
2540 atKl the load mandrel 2550. The sealing members 2645 may comprise any 

30 number of conventional commercially available sealing members such as, for 
exan4>le, o-rings, polypak seals or metal spring energized seals. The sealing 
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members 2645 coTiq)rise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 includes a throat passage 2650 fluidicly coupled 
between the fluid passages 2590 and 2600. The throat passage 2650 is preferably of 
5 reduced size and is adapted to receive and engage with a plug 2655, or other similar 
device. In this manner, the fluid passage 2S90 is fluidicly isolated from the fluid 
passage 2600. In this manner, the pressing chamber 2660 is pressurized. 

The outer sealing mandrel 2S4S is coupled to tfie upper sealing head 2535 and 
the e?q>ansion cone 2555. The outer sealing mandrel 2545 is also movably coupled 

10 to the inner surface of the casing 2560 and the outer smface of the lower sealing 
head 2540. In this manner, die upper sealing head 2535, outer sealing mandrel 
2545, and the mansion cone 2555 reciprocate in the axial direction. The radial 
clearance between Ae out^ surface of the outer sealing mandrel 2545 and the inner 
surface of the casing 2560 may range, for example, from about 0.025 to 0.375 

15 inches. The radial clearance between the outer surface of the outer sealing mandrel 
2545 and the inner surface of the casing 2560 ranges from about 0,025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2535 during 
the expansion process. The radial clearance between the inner surface of the outer 
sealing mandrel 2545 and the outer surfrice of the lower sealing head 2540 may 

20 range, for exan:iple, from about 0.005 to 0.01 inches. The radial clearance between 
the inuCT surfitce of the outer sealing mandrel 2545 and the out^ surfrice of the 
lower sealing head 2540 ranges from about 0.005 to 0.01 inches in order to 
optimally provide ininimal radial clearance. 

Tte outer sealing mandrel 2545 prefmbly comprises an annular member 

25 having substantially cylindrical inner and outer surfaces. The outor sealing mandrel 
2545 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. The outer 
sealing mandrel 2545 is fabricated from stainless steel in order to optimally provide 

30 high strength, corrosion resistance, and low friction surfaces. 
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The outer sealing mandrel 2S4S may be coupled to the upper sealing head 
2535 using any number of conventional commmially available mechanical 
couplings such as» for exanqple, drillpipe connection^ oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
5 threaded connection. The outer sealing mandrel 2545 is removably coupled to the 
upper sealing head 2535 by a standard threaded connection. The outer sealing 
mandrel 2545 may be coupled to the expansion cone 2555 using any number of 
convmtional comn^rcially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 

10 connection, welding, amorphous bonding, or a standard ttireaded connection. The 
outer sealing mandrel 2545 is removably coupled to the expansion cone 2555 by a 
standard threaded connection. 

The upper sealing head 2535, the lower sealing head 2540, the inner sealing 
mandrel 2530, and the outer sealing mandrel 2545 together define a pressure 

15 chamber 2660. The pressure chaniber 2660 is fluidicly celled to the passage 2590 
via one or mxre passages 2595. During operation of the apparatus 2500, the plug 
2655 engages with the Aroat passage 2650 to fluidicly isolate the fluid passa^ 2590 
from the fluid passage 2600. The pressure chamber 2660 is then pressurized which 
in turn causes the upper sealing head 2535, outer sealing mandrel 2545, and 

20 expansion cone 2555 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2555 in turn expands the casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower seaUng head 2540. Tbe load 
mandrel 2550 preferably conq>rises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2550 may be fabricated 

25 from any number of conventional conunercially available materials such as, for 
exanq>le, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The load mandrel 2550 is fabricated from 
stainless steel in order to optimally provide high stroigtfi, corrosion resistance, and 
low friction surfaces. 

30 The load mandrel 2550 may be coiq>led to the lower sealing head 2540 using 

any number of conventional commercially available mechanical couplings such as. 




for exanple, oilfield country tubular goods, drillpipe connection, welding, 
amorphous bonding, or a standard threaded connection. The load mandrel 2SS0 is 
removably coupled to the lower sealing head 2540 by a standard threaded 
connection. 

5 The load mandrel 2SS0 preferably includes a fluid passage 2600 that is ad^ted 

to convey fluidic materials fi-om the fluid passage 2590 to the region outside of the 
BppdXBtus 2S00. The fluid passage 2600 is adapted to convey fluidic materials sudi 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging, for example, from about 0 to 9,000 psi and 0 to 

10 3,000 gallons/minute. 

The expansion cone 2555 is coupled to the outer sealing mandrel 2545. The 
expansion cone 2555 is also movably coupled to the irmer surface of tiie casing 
2560. In ttiis manner, tiie upper sealing head 2535, outer sealing mandrel 2545, and 
the expansion cone 2555 reciprocate in &e axial direction: The reciprocation of the 

1 5 expansion cbne 2555 causes the casing 2560 to expand in the radial direction. 

The expansion cone 2555 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of tiie 
outside conical surface may range, for exan:q)le, from about 2 to 34 inches. The 
outside radius of the outside conical surface ranges from about 3 to 28 in order to 

20 optimally provide radial expansion for the widest variety of tubular casings. The 
axial length of tiie expansion cone 2555 may range, for example, from about 2 to 8 
times the largest outside diameter of the expansion cone 2535. Hie axial length of 
the expansion cone 2535 ranges from about 3 to 5 times the largest outside diameter 
of fhe expansion cone 2535 in order to optimally provide stabilization and 

25 centralization of the expansion cone 2535 during the expansion process. The 
maximum outside diameter of tfie expansion cone 2555 is between about 95 to 99 % 
of the inside diameter of the ^sting wellbore that tiie casing 2560 will be joined 
with. The angle of attack of the expansion cone 2555 ranges from about 5 to 30 
degrees in order to optimally balance frictional forces and radial expansion forces. 

30 The optimum angle of attack of the expansion cone 2535 will vary as a frinction of 
the particular operational features of the expansion operation. 
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The expansion cone 2555 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten catbide, ceramics or other similar high strength materials. 
The expansion cone 2555 is fabricated from D2 machine tool steel in order to 

5 optimally provide high strength, and resistance to wear and galling. The outside 
surface of die expansion cone 2555 has a surface hardness ranging from about 58 to 
62 Rockwell C in order to optimally provide high strength and wear resistance. 

The expansion cone 2555 may be coupled to the outside sealing mandrel 2545 
using any number of conventional commercially available mechanical couplings 

10 such as, for exanq>le, drillpipe connection, oilfield countiy tubular goods specialty 
threaded connectim, welding, amoiphous bonding or a standard direaded 
connection. The expansion cone 2555 is coupled to the outside sealing mandrel 
2545 using a standard threaded connection in order to optimally provide hi^ 
strength and easy rq)lacemmt of the expansion cone 2555. 

15 The casing 2560 is removably coupled to the slips 2525 and expansion cone 

2555. The casing 2560 preferably con^irises a tubular member. The casing 2560 
may be fabricated from any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. The 

20 casing 2560 is fabricated from oilfield country tubular goods available from various 
foreign and domestic steel mills in order to optimally provide high strength using 
standardized matmals. 

The upper end 2665 of the casing 2560 includes a thin wall section 2670 and 
an outer annular sealing member 2675. The wall thickness of the thin wall section 

25 2670 is about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, tiie upper end 2665 of the casing 2560 may be easily radially expanded and 
deformed mto intimate contact wi^ the lower end of an existing section of wellbore 
casing. The lower md of the existing section of casing also includes a thin wall 
section. In this manner, the radial expansion of tiie thin walled section 2670 of 

30 casing 2560 into the thin walled section of the existing wellbore casing results in a 
wellbcTO casing having a substantially constant inside diameter. 
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The annular sealing member 267S may be fabricated from sny number of 
conventional commercially available sealing materials such as, for exan^le, epoxy, 
rubber, metal, or plastic. The annular sealing member 2675 is fabricated from 
StrataLock epoxy in order to optimally provide compressibility and resistance to 
5 wear. The outside diameter of the annular sealing member 2675 preferably ranges 
from about 70 to 95 % of the inside diameter of the lower section of tiie wellbore 
casing that the casing 2560 is joined to. In this manner, after radial expansion, the 
annular sealing member 2670 optimally provides a fluidic seal and also preferably 
optimally provides sufficient frictional force with the inside surface of the existing 
10 section of wellbore casing during the radial expansion of ttie casing 2560 to support 
the casing 2560. 

The lower end 2680 of the casing 2560 includes a thin wall section 2685 and 
an outer annular sealing member 2690. The wall thickness of tiie thin wall section 
2685 is about 50 to 100 % of the regular wall thickness of tfie casing 2560. In tiiis 

15 manner, the lower end 2680 of Oxe casing 2560 may be easily expanded and 
deformed. Furthermore, in this maimer, an other section of casing may be easily 
joined with the lower end 2680 of the casing 2560 using a radial expansion process. 
The upper end of the other section of casing also includes a thin wall section. In this 
manner, the radial expansion of the fliin walled section of the upper end of the other 

20 casing into the thin walled section 2685 of the lower end 2680 of the casing 2560 
results in a wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2690 may be fabricated fh>m any number of 
conventional commercially available sealing materials such as, for example, robber, 
metal, plastic or epoxy. The annular sealing member 2690 is fribricated from 

25 StrataLock epoxy in order to optimally provide conqiressibility and resistance to 
wear. The outside diameter of the annular sealing meniber 2690 prefoably ranges 
from about 70 to 95 % of the inside diameter of the lower section of the existing 
wellbore casing tiiat the casing 2560 is joined to. In this manner, after radial 
expansion, the annular sealing member 2690 preferably provides a fluidic seal md 

30 also preferably provides sufficient frictional force with the inside wall of the 
wellbore during the radial expansion of the casing 2560 to support the casing 2560. 
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During operation, tfie apparatus 2500 is preferably positioned in a wellbore 
with fhe itpper end 2665 of the casing 2560 positioned in an overlapping relationship 
with the lower end of an existing wellbore casing. The tiiin wall section 2670 of tiie 
casing 2560 is positioned in opposing overlapping relation with the thin wall section 
5 and outer annular sealing member of the lower end of the existing section of 
wellbore casing* In this manner, the radial expansion of the casing 2560 will 
compress the thin wall sections and annular coitqnressible members of the upper end 
2665 of the casing 2560 and the lower end of ttie existing wellbore casing into 
intimate contact During the positioning of the apparatus 2500 in the wellbore, the 

1 0 casing 2560 is supported by the expansion cone 2555. 

After positioning of the apparatus 2500, a first fluidic material is then pumped 
into the fluid passage 2565. The first fluidic material may conprise any number of 
convoitional conmiCTcially available materials such as, for example, cement, water, 
slag-mix, q)oxy or drilling mud. The first fluidic material comprises a hardenable 

15 fluidic sealing mat^al such as, for exanqile, cement, epoxy, or slag-mix in order to 
optimally provide a hardenable outer annular body around the e3q>anded casing 
2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for exanq^le, fi'om about 0 to 4,500 psi 
20 and 0 to 3,000 gallons/minute. The first fluidic material is pun[Q}ed into the fluid 
passage 2565 at operating pressures and flow rates ranging fi-om about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in order to optimally provide operational efficiency. 

The first fluidic material punq>ed into the fluid passage 2565 passes througih 
the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 
25 2500. The first fluidic material then preferably fills the annular region between the 
outside of the qyparatus 2500 and the interior walls of the wellbore. 

The plug 2655 is then introduced into the fluid passage 2565. The plug 2655 
lodges in the diroat passage 2650 and fluidicly isolates and blocks off the fluid 
passage 2590. A couple of volumes of a n(Hi*hardraable fluidic material are then 
30 punq>ed into the fluid passage 2565 in order to remove any hardenable fluidic 
material contained within and to ensure that none of the fluid passages are blocked. 
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A second fluidic material is then pumped into the fluid passage 2565, The 
second fluidic material may conq>rise any number of conventional commercially 
available materials such as» for example, water, drilling gases, drilling mud or 
lubricant The second fluidic material conqnises a non-hardenable fluidic material 
5 sudi as, for exanq)le, water, drilling mud, or lubricant m order to optimally provide 
pressurization of flie pressure chamber 2660 and minimize friction. 

The second fluidic material may be punned into the fluid passage 2S65 at 
operating pressures and flow rates ranging, for exanQ>le, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
1 0 passage 2565 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
and 0 to 1 ,200 gallons/minute in order to optimally provide operational efficiency. 

The second fluidic material punq>ed into flie fluid passage 2565 passes through 
the fluid passages 2570, 2575, 2580, 2590 and into the pressure chambers 2605 of 
the slips 2525, and into the pressure chamber 2660. Continued punqiing of the 
1 5 second fluidic material pressxirizes the pressure chambers 2605 and 2660. 

The pressurization of the pressure chambers 2605 causes the slip members 
2525 to expand in the radial direction and grip the interior surface of the casing 
2560. The casing 2560 is then preferably maintained in a substantially stationary 
position. 

20 The pressurization of the pressure chamber 2660 causes the iq>per sealing head 

2535, outer sealing mandrel 2545 and expansim cone 2555 to move in an axial 
dn-ection relative to tiie casing 2560. In this manner, tiie expansion cone 2555 will 
cause die casing 2560 to expand in tiie radial direction, beghming with the lower end 
2685 of the casing 2560. 

25 During the radial expansion process, tiie casing 2560 is prevented from 

moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in flie radial direction througji the pressurization of flie pressure 
chamber 2660. The length of the casing 2560 that is expanded during the expansion 
process will be proportional to the stroke lengtii of the upper sealing head 2535, 

30 outer sealing mandrel 2545, and expansion cone 2555. 
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Upon the completiQa of a stroke, the operating pressure of tfie second fluidic 
material is reduced and the upper sealing head 2535, outer sealing mandrel 2545, 
and expansion cone 2555 drop to their rest positions witti die casing 2560 supported 
by the expansion cone 2555. The position of the drillpipe 2505 is preferably 

5 adjusted throughout the radial expansion process in order to maintain the 
overlapping relationship between the thin walled sections of the lower end of the 
existing wellbore casing and the upper end of the casing 2560. The stroking of the 
expansion cone 2555 is dien repeated, as necessary, until the thin walled section 
2670 of die upper end 2665 of the casing 2560 is e}q)anded into the thin walled 

10 section of the lower end of the existing wellbore casing. In tiiis manner, a wellbore 
casing is formed including two adjacent sections of casing having a substantially 
constant inside diameter. This process may then be rq)eated for the entirety of the 
wellbore to provide a wellboce casing tiiousands of feet in length having a 
substantially constant inside diameter. 

15 During tiie final stroke of the expansion cone 2555, the slips 2525 are 

positioned as close as possible to the thin walled section 2670 of the iq>per end 2665 
of the casing 2560 in order minimize slippage between the casing 2560 and the 
existing wellbore casing at the end of the radial expansion process. Alternatively, or 
in addition, the outside diameter of the annular sealing member 2675 is selected to 

20 ensure sufficient interference fit with the inside diameter of the lower end of the 
existing casing to prevent axial displacement of the casing 2560 during the final 
stroke. Alternatively, or in addition, the outside diameter of the annular sealing 
member 2690 is selected to provide an interference fit with the inside walls of the 
wellb(M:e at an earlier point in the radial expansion iH'ocess so as to prevent further 

25 axial displacement of die casing 2560. In this final alternative, the intaf i^ence fit is 
preferably selected to permit expansion of die casing 2560 by pulling the expansion 
cone 2555 out of die wellbore, without having to pressurize die pressure chambCT 
2660. 

During die radial expansion process, the pressurized areas of the apparatus 
30 2500 are preferably limited to die fluid passages 2565, 2570, 2575, 2580, and 2590, 
the pressure chambers 2605 within die slips 2525, and the pressure chamber 2660. 
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No fluid pressure acts directly on the casing 2560. This permits the use of operating 
pressures higher than the casing 2560 could normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion cone 
2555, the remaining portions of the apparatus 2500 are removed from the wellbore. 
5 The contact pressure between the deformed thin wall sections and conq)ressible 
annular members of the lower end of the existing casing and the upper end 2665 of 
the casmg 2560 ranges from about 400 to 10,000 psi in ord^ to optimally support 
the casing 2560 using die existing wellbore casing. 

bi Uns manner, the casing 2560 is radially expanded into contact with an 
10 existing section of casing by pressurizmg the interior fluid passages 2565, 2570, 
2575, 2580, and 2590, the pressure chambers of the slips 2605 and Ifae pressure 
chamber 2660 of the apparatus 2500. 

As required, the annular body of hardenable fluidic material is tiiien allowed to 
cure to form a rigid outer annular body about tiie expanded casing 2560. bi fte case 
15 where flie casing 2560 is slotted^ the cured fluidic material preferably permeates and 
envelops the expanded casing 2560. The resulting new section of wellbore casing 
includes the expanded casing 2560 and the rigid outer annular body. The 
overlapping joint between the pre-existing wellbore casing and the expanded casing 
2560 includes the deformed thin wall sections and the compressible outer annular 
20 bodies. The inner diameter of the resulting combined wellbore casings is 
substantially constant In this manner, a mono-diameter wellbore casing is formed. 
This process of expanding ovoiapping tubular members having thin wall end 
portions with coiiq)ressible annular bodies into contact can be repeated for the entire 
length of a wellbore. In fliis mann^, a mono-diameto- wellbore casing can be 
25 provided for thousands of feet in a subterranean formaticMi. 

As the expansion cone 2555 nears the iq>per end 2665 of the casing 2560, the 
operating pressure of the second fluidic material is reduced in order to minimize 
shock to the apparatus 2500. The apparatus 2500 includes a shock absorber for 
absorbing the shock oeated by the completion of the radial expansion of the casing 
30 2560. 




The reduced operating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2SSS nears the end of the casing 2560 
in order to optinudly provide reduced axial movement and velocity of the expansion 
cone 2S5S. The operating pressure of the second fluidic material is reduced during 
5 the return stroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
return stroke. The stroke length of the apparatus 2500 ranges from about 10 to 45 
feet in order to optimally provide equipments loigths that can be easily handled 
using typical oil well rigging equipment and also minimize the frequency at which 

1 0 apparatus 2500 must be re-stroked. 

At least a portion of the upper sealing head 2535 includes an expansion cone 
for radially expanding the casing 2560 during operation of the apparatus 2500 in 
order to increase die surface area of the casing 2560 acted upon during the radial 
expansion process. In this nuomer, the operating pressures can be reduced 

1 5 Alternatively, die apparatus 2500 may be used to join a first section of pipeline 

to an existing section of pipeline. Alternatively, die apparatus 2500 may be used to 
directly line the interior of a wellbore with a casing, widiout die use of an outer 
annular layer of a hardenable material. Alternatively, fte apparatus 2500 may be 
used to expand a tubular support member in a hole. 

20 Referring now to Figures 19, 19a and 19b, an apparatus 2700 for expanding a 

tubular member will be described. The apparatus 2700 preferably includes a 
drillpipe 2705, an innerstring adapter 2710, a sealing sleeve 2715, a first iimer 
sealing mandrel 2720, a first upper sealing head 2725, a first lower sealing head 
2730, a first outer sealing mandrel 2735, a second inner sealing mandrel 2740, a 

25 second upper sealing head 2745, a second lower sealing head 2750, a second outer 
sealing mandrel 2755, a load mandrel 2760, an expansion cone 2765, a mandrel 
launcher 2770, a mechanical slip body 2775, mechanical slips 2780, drag blocks 
2785, casing 2790, and fluid passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, 
and 2830. 

30 The dril^ipe 2705 is coupled to die innerstring adapter 2710. During 

operation of the apparatus 2700, die drillpipe 2705 supports the apparatus 2700. 



The drillpipe 270S preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2705 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel, or other similar higji strength 
5 materials. The drillpipe 2705 is fabricated from coiled tubing in order to facilitate 
the placemmt of the apparatus 2700 in non-vertical wellbores. The drillpipe 2705 
may be coupled to the innmtring adq)ter 2710 using any number of conventional 
commercially available mechanical couplings such as, for exanq}le, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 

10 standard threaded connection. The drillpipe 2705 is removably coupled to tfie 
innmtring adapter 2710 by a drillpipe connection in order to optimally provide high 
strength and easy disassmibly. 

The drillpipe 2705 prefmbly includes a fluid passage 2795 that is adapted to 
convey fluidic materials from a surface location into tfie fluid passage 2800. The 

15 fluid passage 2795 is adapted to convey fluidic matoials such as, for example, 
cement, epoxy, water, drillinig mud or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2710 is coupled to the drill string 2705 and the sealing 
sleeve 2715. The innerstring adapter 2710 preferably comprises a substantially 

20 hollow tubular member or members. The innerstring adapter 2710 may be 
fabricated from any number of convoitional commercially available materials such 
as, for exanq>le, oilfield country tubular goods, low alloy steel, caibcm steel, 
stainless steel or other similar high strengtii materials. The innerstring adapter 2710 
is fabricated from stainless steel in order to optimally provide high strength, 

25 corrosion resistance, and low friction surfaces. 

The inn^string idapter 2710 may be coiq>led to tiie drill string 2705 using any 
number of conventional commercially available mechanical coi^lings such as, for 
exanq)le, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. The innerstring adapter 2710 is 

30 removably coupled to the drill pipe 2705 by a standard threaded connection in order 
to optimally provide high strength and easy disassembly. The innerstring adapter 
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2710 may be coupled to the sealing sleeve 271S using any number of conventional 
commercially available mechanical couplings such as, for exanq>le, drillpipe 
connection, oilfield counliy tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard tfueaded connection. The 
5 innerstring adapter 2710 is removably coupled to the sealing sleeve 2715 by a 
standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 that is 
adapted to convey fluidic materials from the fluid passage 2795 into the fluid 
passage 2805. The fluid passage 2800 is adapted to convey fluidic materials such 
10 as, for example, cement, epoxy, water, drilling mud or lubricants at q>erating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 2715 is coupled to the inn^'string adq)ter 2710 and the first 
inner sealing mandrel 2720. The sealing sleeve 2715 preferably comprises a 

15 substantially hollow tubular member or niembors. The sealing sleeve 2715 may be 
fabricated fit>m any number of conventional commCTcially available materials such 
as, for exan^le, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. The sealing sleeve 2715 is 
fabricated fh>m stainless steel in order to optimally provide high strength, corrosion 

20 resistance, and low friction surfaces. 

The sealing sleeve 2715 may be coiq>led to tfie innerstring adapter 2710 using 
any nimiber of conventional commercially available mechanical coiq>lings such as, 
for exanq)le, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded 

25 connection. The sealing sleeve 2715 is removably coupled to the irmerstring adapter 
2710 by a standard threaded connector. The sealing sleeve 2715 may be coupled to 
the first inner sealing mandrel 2720 using any nunibCT of conventioiud commercially 
available mechanical couplings sudi as, for example, drillpipe connection, oilfield 
country tubular goods specialty type threaded coimection, welding, amorphous 

30 bonding or a standard threaded connection. The sealing sleeve 2715 is removably 
coupled to the inner sealing mandrel 2720 by a standard threaded connection. 

• • • • • • • 
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The sealing sleeve 2715 preferably includes a fluid passage 2802 that is 
adapted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. The fluid passage 2802 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
5 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 and 
the first lower sealing head 2730. The first inner sealing mandrel 2720 preferably 
cominises a substantially hollow tubular member or members. The first inner 

10 sealing mandrel 2720 may be £abricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stamless steel or other similar high strength 
materials. The first inner sealing mandrel 2720 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 

15 surfrices. 

The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 2715 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 

20 connection. The first inner sealing mandrel 2720 is removably coupled to the 
sealing sleeve 2715 by a standard threaded comiection. The first inner sealing 
mandrel 2720 may be coupled to the first lower sealing head 2730 using any number 
of conventional connnercially available mechanical coiq>lings sudi as, for exaiiq>le, 
drillpipe connection, oilfield country tubular goods q>ecialty type threaded 

25 connection, welding, amorphous bonding, or a standard threaded connection. The 
first inner sealing mandrel 2720 is removably coupled to the first lower sealing head 
2730 by a standard direaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 2805 
that is adapted to convey fluidic materials from the fluid passage 2802 into the fluid 

30 passage 2810. The fluid passage 2805 is adapted to convey fluidic materials such 
as, for exanq)le, cement, epoxy, water, drilling mud or lubricants at operating 
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pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first upper sealing head 272S is coupled to the first outer sealing mandrel 
2735, the second upper sealing head 2745, the second outer sealing mandrel 2755, 
5 and the expansion cone 2765. The first upper sealing head 2725 is also movably 
coupled to die outer surface of the first inner sealing mandrel 2720 and tihie inner 
surface of the casing 2790. In this manner, the first upper sealing head 2725 
reciprocates in the axial direction* The radial clearance between the inner 
cylindrical surface of the first upper sealing head 2725 and the outer smface of the 

10 first inner sealing mandrel 2720 may range, for exanq>le, from about 0.0025 to O.OS 
inches. The radial clearance between the inner cylindrical surface of the first upper 
sealing head 2725 and the outer surface of the first inner sealing mandrel 2720 
ranges from about 0.005 to 0.125 inches in order to optimally provide minimal 
radial clearance. The radial clearance between the outer cylindrical sur&ce of the 

15 first vppcr sealing head 2725 and the inner surface of the casing 2790 may range, for 
exanq)le, from about 0.025 to 0.37S inches. The radial clearance between the outer 
cylindrical sur&ce of the first upper sealing head 2725 and the inner surface of die 
casing 2790 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2765 during the expansion process. 

20 The first upper sealing head 2725 preferably con:q)rises an annular member 

having substantially cylindrical inner and outer surfaces. The first upper sealing 
head 2725 may be fabricated fit)m any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or otfier similar high strength materials. The first 

25 upper sealing head 2725 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance and low friction surfrtces. The inner 
surface of the first tq;>per sealing head 2725 preferably includes one or more annular 
sealmg members 2835 for sealing the interfiu:e between the first upper sealmg head 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 

30 conprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 



seals. The sealing members 2835 conq)rise polypak seals available fix>m Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The first upper sealing head 272S includes a shoulder 2840 for supporting the 
first upper sealing head 2725 on the first lower sealing head 2730. 
5 The first upper sealing head 2725 nmy be coupled to the first outer sealing 

mandrel 2735 using any nimiber of conventional commercially available mechanical 
couplings such as, for example^ drillpipe connection, oilfield country tubular goods 
specialty flireaded connection, welding, amorphous bonding or a standard threaded 
connection. The first upper sealing head 2725 is removably coupled to the first 

10 outer sealing mandrel 2735 by a standard threaded connection. The mechanical 
coupling between ttie first upper sealing head 2725 and the first outer sealing 
numdrel 2735 includes one or more sealing members 2845 for fluidicly sealing ttie 
interfiu:e betweai the first upper sealing head 2725 and the first outer sealing 
mandrel 2735. The sealing members 2845 may comprise any number of 

15 conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. The sealing members 2845 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for 
long axial strokes. 

The first lower sealing head 2730 is coupled to the first inner sealing mandrel 
20 2720 and the second inner sealing mandrel 2740. The first lower sealing head 2730 
is also nK>vab1y coiq)led to the inner sur&ce of the first outer sealing mandrel 2735. 
In this manner, the first upper sealing head 2725 and first outer sealing mandrel 
2735 reciiMt>cate in flie axial direction. The radial clearance between the outer 
surface of the first lower sealing head 2730 and the inner surfiace of the first outer 
25 sealing mandrel 2735 may range, for example, fix>m about 0.0025 to 0.05 inches. 
The radial clearance between ttie outer surface of the first lower sealing head 2730 
and ttie inner sur&ce of the first outer sealing mandrel 2735 ranges from about 0.005 
to 0.01 inches in order to optimally provide nniinimal radial clearance. 

The first lower sealing head 2730 preferably comprises an annular member 
30 having substantially cylindrical inner and outer surfaces. The first lower sealing 
head 2730 may be fabricated from any number of conventional commercially 
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available materials such as, for exaii:q>le, oilfield country tubular goods, low alloy 
steel, caibon steel, stainless steel or other similar hi^ strcngtti materials. The first 
lower sealing head 2730 is fabricated fix>m stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. The outer 

5 surface of the first lower sealing head 2730 preferably includes one or more annular 
sealing members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrel 2735. The sealing members 2850 may 
comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 

10 seals. The sealing members 2850 comprise polypak seals available from Parker 
Seals m order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner sealing 
mandrel 2720 using any nuniber of conventional commercially available mechanical 
couplings sudi as, for exantiple, oilfield country tubular goods specialty threaded 

15 connections, welding, amoriAous bonding, or standard threaded connection. The 
first lower sealing head 2730 is removably coupled to tiie first inner sealing mandrel 
2720 by a standard threaded connection. The mechanical coiipling between the first 
lower sealing head 2730 and the first inner sealing mandrel 2720 includes one or 
more sealing members 2855 for fluidicly sealing the interface between the first 

20 lower sealing head 2730 and the first inner sealing mandrel 2720, The sealing 
members 2855 may comprise any nimiber of conventional commercially available 
sealing members such as, for exan:q}le, o-rings, polypak seals or metal spring 
energized seals. The sealing members 2855 conqjrise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

25 The first lower sealing head 2730 may be coupled to the second inner sealing 

mandrel 2740 using any number of conventional comm^ally available n^chanical 
couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. The 
lower sealing head 2730 is removably coq)led to the second inner sealing mandrel 

30 2740 by a standard threaded connection. The mechanical coupling between the first 
lower sealing head 2730 and the second inner sealing mandrel 2740 includes one or 
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more sealing members 2860 for fluidicly sealing the interface betwcOT the first 
lower sealing head 2730 and the second inner sealing mandrel 2740. The sealing 
members 2860 may comprise any number of conventional commercially available 
sealing menibCTs such as, for exanq)le, o-rings, polypak seals or metal spring 
5 energized seals. The sealing members 2860 comprise polypak seals available fi'om 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The first outer sealing mandrel 2735 is coupled to tfie first iq^er sealing head 
2725, the second upper sealing head 2745, the second outer sealing mandrel 2755, 
and the expansion cone 2765. The first outer sealing mandrel 2735 is also movably 

10 coiqpled to the inner surfiice of the casing 2790 and flie outer surface of the first 
lower sealing head 2730. In tiiis manner, the first upper sealing head 2725, first 
out^ sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
mandrel 2755, and the expansion cone 2765 reciprocate in the axial direction. The 
radial clearance between the outer surface of the first outer sealing mandrel 2735 

15 and the inner surface of the casing 2790 may range, for example, from about 0.025 
to 0.375 inches. The radial clearance between the outer surface of the first out^ 
sealing mandrel 2735 and the inner surface of the casing 2790 ranges from about 
0.025 to 0.125 inches in order to optimally provide stabilization for Ae expansion 
cone 2765 during the expansion process. The radial clearance between the inner 

20 surface of the first outer sealing mandrel 2735 and the outer surfiu^e of the first 
lower sealing head 2730 may range, for example, fiom about 0.0025 to 0.05 inches. 
The radial clearance between the inner surface of tfie first outer sealing mandrel 
2735 and the outer surface of the first lower sealing head 2730 ranges from about 
0.005 to 0.01 inches in order to optimally provide minimal radial clearance. 

25 The outer sealing mandrel 1935 preferably conqnises an annular member 

having substantially cylindrical iimer and outer surfiices. The first outer sealing 
mandrel 2735 may be fabricated fiom any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The first 

30 outer sealing mandrel 2735 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 
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The first outer sealing mandrel 2735 may be coupled to the first upper sealing 
head 2725 using any number of conventional commercially available mechanical 
couplings such as» for example, oilfield country tubular goods, welding, amorphous 
bonding, or a standard threaded connection. The first outer sealing mandrel 2735 is 

5 removably coupled to the fu^ upper sealing head 2725 by a standard threaded 
connection. The first outer sealing mandrel 2735 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially available 
mechanical couplings such as, for exan:q>le, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 

10 ccHinection. The first outer sealing mandrel 2735 is removably coupled to the 
second upper sealing head 2745 by a standard threaded connection. 

The second inner sealing mandrel 2740 is coupled to the first lower sealing 
head 2730 and the second lower sealing head 2750. The second inner sealing 
mandrel 2740 preferably comprises a substantially hollow tubular member or 

15 members. The second inner sealing mandrel 2740 may be fabricated firom any 
number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. The second inner sealing mandrel 2740 is fabricated 
from stainless steel in order to optimally provide high strength, corrosion resistance, 

20 and low fiiction surfaces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 

25 connection. The second inner sealing mandrel 2740 is removably coupled to the 
first lower sealing head 2740 by a standard threaded connection. The mechanical 
coiq>ling betwem the second inner sealing mandrel 2740 and the first lower sealing 
head 2730 preferably includes sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to tfie second lower 

30 sealing head 2750 using any number of conventional commercially available 
medianical couplings such as, for exanq>le, oilfield country tubular goods specialty 
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threaded connection^ welding, amorphous bonding, or a standard threaded 
connection. The second inner sealing mandrel 2720 is removably coupled to the 
second lower sealing head 2750 by a standard threaded connection. The mechanical 
coupling between the second inner sealing mandrel 2740 and the second lower 
5 sealing head 2750 includes one or more sealing members 2865. The sealing 
members 2865 may conqprise any number of conventional commercially available 
seals such as» for example^ o-rings, polypak seals or metal spring energized seals. 
The sealing members 2865 conqirise polypak seals available from Parker Seals. 

The second inner sealmg mandrel 2740 preferably includes a fluid passage 
10 2810 that is adapted to convey fluidic matmals from the fluid passage 2805 into the 
fluid passage 2815. The fluid passage 2810 is adapted to convey fluidic materials 
such as, for exan^le, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

15 The second upper sealing head 2745 is coupled to ftxe first upper sealing head 

2725, the first out^ sealing mandrel 2735, the second outer sealing mandrel 2755, 
and the expansion cone 2765. The second upper sealing head 2745 is also movably 
coupled to the outer surface of die second inner sealing mandrel 2740 and the inner 
surface of the casing 2790. In this manner, the second upper sealing head 2745 

20 reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the second iq^per sealing head 2745 and the outer surface of 
the second inner sealing mandrel 2740 may range, for exanq>le, from about 0.0025 
to 0.05 inches. The radial clearance between the inner cylindrical surface of the 
second upper sealing head 2745 and tfie outer sur&ce of the second inaer sealing 

25 mandrel 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial clearance between tfie outer cylindrical surface 
of the second vsppec sealing head 2745 and the inner surface of the casing 2790 may 
range, for example, from about 0.025 to .375 inches. The radial clearance betweai 
the outer cylindrical surface of the second upper sealing head 2745 and the inner 

30 surface of the casing 2790 ranges from about 0.025 to 0.125 inches m order to 



155 



optimally provide stabilization for the expansion cone 2765 during the expansion 
process. 

The second upper sealing head 2745 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second upper sealing 
head 2745 may be febricated from any number of conventional commercially 
available materials such as, for exanq^le, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strengtii materials. The 
second upp«- sealing head 2745 is febricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 
inner surfece of the second upper sealing head 2745 preferably includes one or more 
annular sealing members 2870 for sealing the interfiu» between the second upper 
sealing head 2745 and Ae second inner sealing mandrel 2740. The sealing members 
2870 may coitqirise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, m metal spring 
energized seals. The sealing members 2870 conq>rise polypak seals available fix>m 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The second upper sealing head 2745 includes a shoulder 2875 for supporting 
the second upper sealing head 2745 on the second lower seahng head 2750. 

The second upper sealing head 2745 may be coupled to the first outer sealing 
mandrel 2735 using any number of conventional commercially available mechanical 
couplings such as, for exan?>le, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. The second upper sealing head 2745 is removably coupled to 
the first outer sealing mandrel 2735 by a standard tiireaded connection. The 
mechanical coiq>ling between the second upper sealing head 2745 and the first outer 
sealing mandrel 2735 includes one or more sealing members 2880 for fluidicly 
sealing the inter&ce between the second vpper sealing head 2745 and the first outer 
sealing mandrel 2735. The sealing members 2880 may comprise any numba- of 
conventional commercially available sealing members such as, for exanq)le, o-rings, 
polypak seals or metal spring mergized seals. The seahng members 2880 comprise 
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polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second upper sealing head 2745 may be coupled to the second outer 
sealing mandrel 2755 using any number of conventional commercially available 
5 mechanical couplings such as» for example, drillpipe ccmnection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded connection. 
The second upper sealing head 2745 is removably coiq>led to the second outer 
sealing mandrel 2755 by a standard tiireaded connection. The mechanical coupling 
between the second upper sealing head 2745 and the second outer sealing mandrel 

10 2755 includes one or more sealing members 2885 for fluidicty sealing the interface 
between the second upper sealing head 2745 and the second outer sealing mandrel 
2755. The sealing members 2885 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak 
seals or metal spring energized seals. The sealing members 2885 con^rise polypak 

15 seals available from Parker Seals in order to optimally provide sealing for long axial 
strokes. 

The second lower sealing head 2750 is coiq>led to the second inner sealing 
mandrel 2740 and the load mandrel 2760. The second lower sealing head 2750 is 
also movably coupled to the inner surface of the second outer sealing mandrel 2755. 

20 bi Ais manner, the first upper sealing head 2725, the first outer sealing mandrel 
2735, second i^iper sealing head 2745, second outer sealing mandrel 2755, and the 
expansion cone 2765 reciprocate in the axial direction. The radial clearance 
between the outer surfru^e of the second lower sealing head 2750 and the inner 
sur£ace of the second outer sealing mandrel 2755 may range, f<»- exanq)le, from 

25 about 0.0025 to 0.05 inches. The radial clearance between the outer surfiure of the 
second lower sealing head 2750 and ttie inner surface of the second outer sealing 
mandrel 2755 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. 

The second lower sealing head 2750 preferably comprises an annular member 

30 having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 2750 may be fabricated from any number of conventional commercially 
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available materials such as, for exanq>le» oilfield country tubiilar goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. The 
second lower sealing head 2750 is febricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 
outer surface of the second lower sealing head 2750 preferably includes one or more 
annular sealing members 2890 for sealing the interface between the second lower 
sealing head 2750 and the second outer sealing mandrel 2755. The sealing members 
2890 may conqnise any numb^ of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. The sealing members 2890 con^se polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional commercially available 
mechanical coiq^lings such as, for exanqile, driUpipe connection, oilfield country 
tubular goods specialty tfireaded connection, ratchet-latch type threaded connection, 
or a standard threaded connection. The second lower sealing head 2750 is 
removably coiq>led to the second inner sealing mandrel 2740 by a standard threaded 
connection. The mechanical coupling between the second lower sealing head 2750 
and the second irmer sealing manidrel 2740 includes one or more sealing members 
2895 for fluidicly sealing the interface between the second sealing head 2750 and 
the second sealing mandrel 2740. The sealing members 2895 may conq^rise any 
number of conventional commercially available sealing members such as, for 
exairq)le, o-rings, polypak seals or metal spring energized seals. The sealing 
members 2895 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 2760 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield tubular goods specialty threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
connection. The second lower sealing head 2750 is removably coupled to tfie load 
mandrel 2760 by a standard threaded connection. The mechanical coupling 
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between the second lower sealing head 2750 and the load mandrel 2760 includes 
one or more sealing members 2900 for fluidicly sealing the interface between the 
second lower sealing head 2750 and the load mandrel 2760. The sealing members 
2900 may comprise any number of conventional commercially available sealing 

5 members such as, for example, o-rings, polypak seals or metal spring energized 
seals. The sealing members 2900 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The second low^ sealing head 2750 includes a throat passage 2905 fluidicly 
coupled between the fluid passages 2810 and 2815. The throat passage 2905 is 

10 preferably of reduced size and is adapted to receive and engage with a plug 2910, or 
other similar device. In this manner, the fluid passage 2810 is fluidicly isolated 
from die fluid passage 2815. In this manner, the inessure chambers 2915 and 2920 
are pressurized. The use of a plurality of pressure chambers in flie apparatus 2700 
pemiits the effective drivmg force to be multiplied. While illustrated using a pair of 

15 pressure chambers, 2915 and 2920, the apparatus 2700 may be fiirther modified to 
enqjloy additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper sealing 
head 2725, die first outer sealing mandrel 2735, the second upper sealing head 2745, 
and the expansion cone 2765. The second outer sealing mandrel 2755 is also 

20 movably coupled to the inner surface of die casing 2790 and the outer surface of the 
second lower sealing head 2750. In this manner, the first upper sealing head 2725, 
first outer sealing mandrel 2735, second vpp&r sealing head 2745, second outer 
sealing mandrel 2755, and die expansion cone 2765 reciprocate in die axial 
direction. 

25 The radial clearance between the outer surface of die second outer sealing 

mandrel 2755 and the inner sur&cc of die casing 2790 may range, for example, from 
about 0.025 to 0.375 inches. The radial clearance between the outer surface of the 
second outer sealing mandrel 2755 and the inner surface of die casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for die 

30 expansion cone 2765 during die expansion process. The radial clearance between 
the inner surface of die second outer sealing mandrel 2755 and the outer suifrice of 
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the second lower sealing head 2750 may range, for example, from about 0.0025 to 
0.05 inches. The radial clearance between the inner surface of the second outer 
sealing mandrel 2755 and the outer surface of the second lower sealing head 2750 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal radial 
5 clearance. 

The second outer sealing mandrel 2755 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 2755 may be fabricated fix>m any number of conventional 
commercially available materials such as, for exanq)ley oilfield country tubular 
10 goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The second outer sealing mandrel 2755 is fabricated from stainless steel 
in order to optimally provide high strengdi, corrosion resistance, and low friction 
surfaces. 

The second outer sealing mandrel 2755 may be coiq)led to die second upper 
15 sealing head 2745 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded connection 
or a standard threaded connection. The second outer sealing mandrel 2755 is 
removably coupled to the second upper sealing head 2745 by a standard threaded 
20 connectioa The second outer sealing mandrel 2755 may be coupled to the 
expansion cone 2765 using any number of conventional commercially available 
mechanical couplings such as, for exan^le, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. The second outer sealing mandrel 
25 2755 is removably coupled to the expansion cane 2765 by a standard threaded 
connection. 

The load mandrel 2760 is coupled to the second lower sealing head 2750 and 
the medianical slip body 2755. The load mandrel 2760 preferably conqmses an 
annular member having substantially cylindrical inner and outer surfaces. The load 
30 mandrel 2760 may be fobricated from any nuniber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
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steel, carbon steel, stainless steel or other similar high strength materials. The load 
mandrel 2760 is fabricated from stainless steel in order to optimally provide higji 
strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2760 may be coiq>led to the second lower sealing head 2750 

5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. The load mandrel 2760 is removably coupled to the second 
lower sealing head 2750 by a standard flireaded connection. The load mandrel 2760 

10 may be coupled to the mechanical slip body 2775 using any number of conventional 
comm^cially available mechanical couplings such as, for exanq>le, drillpipe 
cotmection, oilfield countiy tubular goods specialty type threaded connection, 
ratchet*latch type threaded coimection or a standard threaded connection. The load 
mandrel 2760 is removably coupled to the mechanical slip body 2775 by a standard 

15 threaded coimection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is adapted 
to convey fluidic materials from the fluid passage 2810 to the fluid passage 2820. 
The fluid passage 2815 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow 

20 rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 2755. 
The expansion cone 2765 is also movably coupled to the inner surface of the casing 
2790. In this manna-, the first uj^ sealing head 2725, first outer sealing mandrel 
2735, second upper sealing head 2745, second outer sealing mandrel 2755, and the 

25 expansion cone 2765 recqirocate in the axial direction. The reciprocation of the 
expansion cone 2765 causes the casing 2790 to expand in flie radial direction. 

The expansion cone 2765 preferably comprises an annular member having 
substantially cylindrical inner and conical outer sur&ces. The outside radius of die 
outside conical surface may range, for exanq>le, from about 2 to 34 inches. The 

30 outside radius of the outside conical surface ranges from about 3 to 28 inches in 
order to optimally provide expansim cone dimensions that accommodate the typical 
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range of casings. The axial length of the expansion cone 2765 may range, for 
example, from about 2 to 8 times the largest outer diameter of the expansion cone 
2765. The ^ial length of the expansion cone 2765 ranges from about 3 to 5 times 
the largest outer diameter of the expansion cone 2765 in order to optimally provide 
5 stabilization and centralization of the expansion cone 2765. The angle of attack of 
the expansion cone 276S ranges from about 5 to 30 degrees in ordet to optimally 
balance frictional forces and radial e7q>ansion forces. 

Hie expansion cone 2765 may be fiabricated from any number of conventional 
commercially available matmals such as, for example, machine tool steel, nitride 

10 steel, titanium, tungsten carbide, ceramics or other similar higih strength materials. 
The expansion cone 2765 is fabricated from D2 machine tool steel in order to 
optimally provide high strengih and resistance to corrosion and galling. The outside 
surface of the expansion cone 2765 has a surface hardness ranging from about 58 to 
62 Rockwell C in order to optinudly provide higih strengtii and resistance to wear 

15 and galling. 

The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 

20 standard threaded connection. The expansion cone 2765 is coupled to the second 
outside sealing mandrel 2765 using a standard threaded connection in ord^ to 
optimally provide higji strength and easy replacement of the expansion cone 2765. 

The mandrel launcher 2770 is coupled to &e casing 2790. The mandrel 
launcher 2770 conqvises a tubular section of casing having a reduced wall thickness 

25 compared to tiie casing 2790. The wall thickness of tiie mandrel launcher 2770 is 
about 50 to 100 % of the wall thickness of the casing 2790. The wall thickness of 
the mandrel launcher 2770 may range , for exanq>le, from about 0.15 to 1.5 inches. 
The wall tiiickness of tiie mandrel launcher 2770 ranges from about 0.25 to 0.75 
inches. In this manner, the initiation of the radial expansion of the casing 2790 is 

30 facilitated, the placement of the apparatus 2700 within a wellbore casing and 




wellbore is facilitated, and the mandrel launcher 2770 has a burst strength 
approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
number of conventional mechanical couplings such as, for exanple, a standard 
5 threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commercially available materials such as, for exan^le, 
oilfield country tubular goods, low alloy steel, carbon steel, stamless steel, or oflier 
similar high strength materials. The mandrel launcher 2770 is fabricated from 
oilfield country tubular goods of hig^her strength than that of the casing 2790 but 

1 0 witti a reduced wall thickness in order to optimally imvide a small compact tubular 
container having a burst strength approximately equal to that of the casmg 2790. 

The mechanical slip body 2775 is coupled to the load mandrel 2760, the 
mechanical slips 2780, and the drag blocks 2785. The mechanical slip body 2775 
preferably comprises a tubular member having an inner passage 2820 fluidicly 

15 coupled to the passage 2815. In this manner, fluidic materials may be conveyed 
from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip body 2775 may be coupled to the load mandrel 2760 
using any number of conventional mechanical couplings. The mechanical slip body 
2775 is removably coupled to the load mandrel 2760 using a standard threaded 

20 connection in order to optimally provide high strength and easy disassembly. The 
mechanical slip body 2775 may be coupled to tiie mechanical slips 2780 using any 
number of conventional mechanical couplings. The mechanical slip body 2755 is 
removably coupled to the mechanical slips 2780 using threaded connections and 
sliding steel retainer rings in order to optimally provide a high strragdi attachment 

25 The mechanical slip body 2755 may be coupled to tiie drag blocks 2785 usmg any 
number of conventipnal mechanical couplings. The mechanical slip body 2775 is 
removably coupled to the drag blocks 2785 using threaded connections and sliding 
steel retainer rings in order to optimally provide a high strength attachment 

The mechanical slip body 2775 preferably includes a fluid passage 2820 that is 

30 adapted to convey fluidic materials from the fluid passage 2815 to the region outside 
of the apparatus 2700. The fluid passage 2820 is adapted to convey fluidic materials 
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such as, for exaiiq>le, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gall(ms/minute. 

The mechanical slips 2780 are coupled to the outside surface of the mechanical 
5 slip body 2775. During operation of the apparatus 2700, the mechanical slips 2780 
prevent upward movement of the casing 2790 and mandrel launcher 2770. In this 
manner, during the axial reciprocation of the expansion cone 2765, the casing 2790 
and mandrel launcher 2770 are maintained in a substantially stationary position. In 
this manner, the mandrel launcher 2765 and casing 2790 and mandrel launcher 2770 
10 are expanded in the radial directicm by the axial movement of tiie expansion cone 
2765. 

The mechanical slips 2780 may comprise any number of conventional 
commercially available mechanical slips such as, for example^ RTFS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
15 Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. The 
mechanical slips 2780 comprise RTTS packer tungsten carbide mechanical slips 
available from Halliburton Energy Services in order to optimally provide resistance 
to axial movement of the casing 2790 and mandrel launcher 2770 during the 
expansion process. 

20 The drag blocks 2785 are coiq^led to the outside surface of the mechanical slip 

body 2775. During operation of the apparatus 2700, the drag blocks 2785 prevent 
upward movement of the casing 2790 and mandrel launcher 2770. In this manner, 
during the axial reciprocation of the expansion cone 2765, the casing 2790 and 
mandrel launcher 2770 are maintamed in a substantially stationary position. In this 

25 n^nner, tfie mandrel launcher 2770 and casing 2790 are expanded in the radial 
direction by the axial movemmt of the expansion cone 2765. 

The drag blocks 2785 may comprise any number of convrational 
commercially available mechanical slips such as, for exanq>le, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. The drag 

30 blocks 2785 comprise RTTS packer mechanical drag blocks available from 
Halliburton Energy S^ces in order to optimally provide resistance to axial 
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movement of the casing 2790 and mandrel launcher 2770 during the expansion 
process. 

The casing 2790 is coiq)led to the mandrel launcher 2770. The casing 2790 is 
further removably coupled to flie mechanical slips 2780 and drag blocks 2785. The 
5 casing 2790 preferably comprises a tubular member. The casing 2790 may be 
fiibricated fiom any number of conventional commercially available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. The casing 2790 
is fabricated fiom oilfield country tubular goods available fi-om various foreign and 

10 domestic steel mills in order to optimally provide high strength using standardized 
materials. The upper end of the casing 2790 includes one or more sealing members 
positioned about the exterior of the casing 2790. 

During operation, the apparatus 2700 is positioned in a wellbore with tfie upper 
end of the casing 2790 positioned in an overlapping relationship within an existing 

15 wellbore casing. In order minimize surge pressures within the borehole during 
placement of the apparatus 2700, flie fluid passage 2795 is preferably provided with 
one or more pressure relief passages. During Ae placement of the apparatus 2700 in 
the wellbore, the casing 2790 is supported by the expansion cone 2765. 

After positioning of the appsntas 2700 within the bore hole in an ovexldpping 

20 relationship with an existing section of wellbore casing, a first fluidic material is 
punned into tiie fluid passage 279S fi-om a surface location. The first fluidic 
material is conveyed from the fluid passage 2795 to the fluid passages 2800, 2802, 
2805, 2810, 2815, and 2820. The first fluidic material will then exit tiie apparatus 
2700 and fill tiie annular region between the outside of the apparatus 2700 and the 

25 interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, epoxy, drilling mud, slag 
mix, water or cement The first fluidic material conqnises a hardenable fluidic 
sealing material such as, for example, slag mix, epoxy, or cement In this manner, a 

30 wellbore casing having an outer annular layer of a hardenable material may be 
formed. 
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The first fluidic material may be pui]:q)ed into the apparatus 2700 at operating 
pressures and flow rates ranging, for exanq>le, from about 0 to 4^00 psi and 0 to 
3,000 gallons/minute. The first fluidic matmal is pumped into the apparatus 2700 at 
operating pressures and flow rates ranging from about 0 to 3,500 psi and 0 to 1 ,200 
5 gallons/minute in order to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 2700 has been filled to 
a predetermined level, a plug 2910, dart, or other similar device is introduced into 
the first fluidic material. The plug 2910 lodges in the throat passage 2905 thereby 
10 fluidicly isolating the fluid passage 2810 from die fluid passage 281S. 

After placen^t of ttie plug 2910 in the Oroat passage 2905, a second fluidic 
material is pun9>ed into the fluid passage 2795 in order to pressurize the pressure 
chambers 2915 and 2920. Hie second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, drilling 
IS gases, drilling mud or lubricants. The second fluidic material conqirises a non- 
haidenable fluidic material such as, for example, water, drilling mud or lubricant 
The use of lubricant optimally provides lubrication of the moving parts of the 
apparatus 2700. 

The second fluidic material may be punq>ed into the apparatus 2700 at 
20 operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the 
apparatus 2700 at operating pressures and flow rates ranging from about 0 to 3,500 
psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

25 The pressurization of the pressure chambers 2915 and 2920 cause die upp^ 

sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and 
expansion cone 2765 to move in an axial direction. As the expansion cone 2765 
moves in die axial directira, the expansion cone 2765 pulls the mandrel launcher 
2770, casing 2790, and drag blocks 2785 along, which sets the mechanical slips 

30 2780 and stops further axial movement of the mandrel launcher 2770 and casing 
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2790. In this manner, the axial movement of the expansion cone 2765 radially 
expands the mandrel launcher 2770 and casing 2790. 

Once the uppo- sealii^ heads, 2725 and 2745, outer scaling mandrels, 2735 
and 2755, and expansion cone 2765 conq)lete an axial stroke, flie operating pressure 
5 of the second fluidic material is reduced and the drill string 2705 is raised. This 
causes the inner sealing mandrels, 2720 and 2740, lower sealing heads, 2730 and 
2750, load mandrel 2760, and mechanical slip body 2755 to move upward. This 
unsets the mechanical slips 2780 and permits the mechanical slips 2780 and drag 
blocks 2785 to be moved upward within the mandrel launcher 2770 and casing 

10 2790. When the lower sealing heads, 2730 and 2750, contact the upper sealing 
heads, 2725 and 2745, the second fluidic nmterial is again pressurized and the radial 
expansion process continues. In this manner, the mandrel launcher 2770 and casing 
2790 are radially expanded through repeated axial strokes of the upper sealing 
heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and expansion cone 

15 2765. Throughout the radial expansion process, the upper end of the casing 2790 is 
preferably maintained in an overlapping relation with an existing section of wellbore 
casmg. 

At the end of the radial expansion process, die upper end of the casing 2790 is 
expanded into intimate contact with die inside surface of the lower end of the 

20 existing wellbore casing. The sealing members provided at the upper end of the 
casing 2790 provide a fluidic seal between die outside sur&ce of the upper end of 
the casing 2790 and the inside surface of die lower end of the existing wellbore 
casing. The contact inressure between the casing 2790 and the existmg section of 
wellbore casing ranges fiom about 400 to 10,000 in order to optimally provide 

25 contact pressure for activating the seaUng members, provide optimal resistance to 
axial movement of the expanded casing, and optimally resist typical tensile and 
compressive loads on the expanded casing. 

As the expansion cone 2765 nears die end of the casmg 2790, the operating 
pressure of the second fluidic material is reduced in order to minimize shock to the 

30 apparatus 2700. The apparatus 2700 includes a shock absorber for absorbing the 
shock created by the conviction of die radial expansion of the casing 2790. 
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The reduced operating pressure of the second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 2765 nears the end of the casing 2790 
in order to optimally provide reduced axial movement and velocity of the expansion 
cone 2765. The operating pressure of the second fluidic material is reduced during 
5 the return stroke of the apparatus 2700 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2765 during the 
retum stroke. The stroke length of the apparatus 2700 ranges from about 10 to 45 
feet in order to optimally provide equipment diat can be easily handled by typical oil 
well rigging equipment and minimize the frequency at whidi the apparatus 2700 

10 must be re-stroked during an expansion operation* 

At least a portion of the upper sealing heads, 2725 and 2745, include 
expansim cones for radially e>q>anding the mandrel launch^ 2770 and casing 2790 
during operation of the apparatus 2700 in order to increase flie sur&ce area of the 
casing 2790 acted upon during the radial expansion process. In this manner, the 

15 operating pressures can be reduced 

Mechanical slips are positioned in an axial location between the sealing sleeve 
1915 and the first inner sealing mandrel 2720 in order to optimally provide a 
simpUfied assembly and operation of the apparatus 2700. 

Upon the con5)lete radial expansion of the casing 2790, if applicable, the first 

20 fluidic material is permitted to cure within the annular region between the outside of 
the expanded casing 2790 and the interior walls of the wellbore. In the case where 
the casing 2790 is slotted, tiie cured fluidic material preferably permeates and 
envelops the expanded casing 2790. In this manner, a new section of wellbore 
casing is formed widiin a wellbore. Alternatively, the qiparatus 2700 may be used 

25 to join a first section of pipeline to an existing section of pipeluie. Alternatively, the 
apparatus 2700 may be used to directly line the mterior of a wellbore vnih a casing, 
wiAout the use of an outer annular layer of a hardenable material. Altematively, the 
apparatus 2700 may be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 

30 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 2810, and the 
pressure chambers 2915 and 2920. No fluid pressure acts directly on the mandrel 




launcher 2770 and casing 2790. This pennits the use of operating pressures higher 
than the mandrel launcher 2770 and casing 2790 could normally withstand. 

Referring now to Figure 20, an apparatus 3000 for forming a mono-diameter 
wellbore casing will be described The iq)paratus 3000 preferably includes a 
5 drillpipe 3005, an innerstring adapter 3010, a sealing sleeve 3015, a first inner 
sealing mandrel 3020, hydraulic slips 3025, a first upper sealing head 3030, a first 
lower sealing head 3035, a first outer sealing mandrel 3040, a second inner sealing 
mandrel 3045, a second upper sealing head 3050, a second lower sealmg head 3055, 
a second outer sealing mandrel 3060, load mandrel 3065, expansion cone 3070, 
10 casing 3075, and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 3115 
and 3120. 

The drillpipe 3005 is coupled to the innerstring adapter 3010. During 
operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 3000, 
The drillpipe 3005 preferably comprises a substantially hollow tubular member or 

15 members. The drillpipe 3005 may be fabricated fix>m any number of conventional 
commercially available materials such as, for exanQ>le, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. The drillpipe 3005 is fabricated fi-om coiled tubing in order to facilitate 
the placement of the apparatus 3000 in non-vertical wellbores. The drillpipe 3005 

20 may be coupled to the iimerstring adapter 3010 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 
standard direaded connection. The drillpipe 3005 is removably coupled to the 
innerstring adapter 3010 by a drillpipe connecticm. 

25 The drillpq>e 3005 preferably includes a fluid passage 3080 that is adapted to 

convey fluidic materials fitmi a surface location into the fluid passage 3085. The 
fluid passage 3080 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, water, drilling mud or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

30 The innerstring adapter 3010 is coupled to the drill string 3005 and the sealing 

sleeve 3015. The innerstring adapter 3010 preferably comprises a substantially 
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hollow tubular member or members. The iimerstring adapter 3010 may be 
fabricated from any number of ccmventional commercially available materials such 
as, for exanq)Ie, oilfield country tubular goods, low alloy steel, caibon steel, 
stainless steel, or other similar high strength materials. The inncrstring adapter 301 0 
is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The inncrstring adapter 3010 may be coupled to the drill string 3005 using any 
number of conventional commwcially available mechanical couplings such as, for 
exan^le, driUpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connection. The innerstring adapter 3010 is 
removably coupled to the drill pipe 3005 by a drillpipc connection. The innerstring 
adapter 3010 may be coi4)led to the sealing sleeve 3015 using any number of 
conventional commercially available mechanical coi^ilings such as, for exan:q>le, 
driUpipe connection, oilfield country tubular goods specialty type Aieaded 
connection, ratchet-latdi type threaded connection or a standard threaded 
connection. The innerstring adapter 3010 is removably coupled to the sealing sleeve 
3015 by a standard threaded coimection. 

The iimerstring adapter 3010 preferably includes a fluid passage 3085 that is 
adapted to convey fluidic materials from the fluid passage 3080 into the fluid 
passage 3090. The fluid passage 3085 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and the first 
iimer sealing mandrel 3020. The sealing sleeve 3015 preferably conq^es a 
substantially hollow tubular member or members. The isealing sleeve 3015 may be 
fabricated from any number of conventional commercially available materials such 
as, for exanq>le, oilfield country tubular goods, low alloy steel, caibon steel, 
stainless steel or other similar high strength materials. The sealing sleeve 3015 is 
fabricated from stainless steel in order to optimally provide high strength, corrosion 
resistance, and low firiction surfaces. 
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The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type connection or a standard threaded 
5 connection. The sealing sleeve 301 S is removably coupled to the innerstring adapter 
3010 by a standard threaded connection. The sealing sleeve 3015 may be coupled to 
the first inner sealing mandrel 3020 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty type ftreaded connection, ratchet-latch type 
10 threaded connection or a standard threaded connection. The sealing sleeve 3015 is 
removably coiqsled to tfie first inner sealing mandrel 3020 by a standard threaded 
connection. 

The sealing sleeve 3015 preferably includes a fluid passage 3090 that is 
adapted to convey fluidic materials from tiie fluid passage 3085 into the fluid 
15 passage 3095. The fluid passage 3090 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging irom about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 301 5, the 
20 hydraulic slips 3025, and the first lower sealing head 3035. The first inner sealing 
mandrel 3020 is fiirtfier movably coupled to the first iqiper sealing head 3030. The 
first inner sealing mandrel 3020 preferably conq)rises a substantially hollow tubular 
member or members. The first inner sealing mandrel 3020 may be fabricated fix>m 
any number of conventional commrancially available materials such as, for example, 
25 oilfield country tubular goods, low alloy steel, carbon steel, stafadess steel, or similar 
high strength materials. The first inner sealmg mandrel 3020 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low fiiction surfaces. 

The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 301 5 
30 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods ^ecialty 
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type tiireaded connection, ratchet-latch type threaded connection or a standard 
threaded connection. The first inner sealing mandrel 3020 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. The first inner sealing 
mandrel 3020 may be coupled to flie hydraulic slips 302S using any nimiber of 

5 conventional commercially available mechanical couplings such as, for exanq>le, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. The first inner sealing mandrel 3020 is removably coupled to the 
hydraulic slips 3025 by a standard threaded connection. The first inner sealing 

1 0 mandrel 3020 may be coiq>led to the first lower sealing head 3035 using any number 
of conventional commercially available mechanical couplings such as, for exanq)le, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latdi type threaded connection or a standard threaded 
connection. The first inner sealing mandrel 3020 is removably coupled to the first 

15 lower sealing head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 3095 
that is adapted to convey fluidic materials fix>m the fluid passage 3090 into the fluid 
passage 3100. The fluid passage 3095 is adapted to convey fluidic materials such 
as, for example, water, drilling mud, cement, cpoxy, or lubricants at operating 

20 pressures and flow rates ranging fixmi about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 3020 further preferably includes fluid passages 
3110 tiiat are adapted to convey fluidic materials from the fluid passage 3095 into 
the pressure diazhbers of the hydraulic slips 3025. In this manner, the slips 3025 are 

25 activated upon the pressurization of the fluid passage 3095 into contact with the 
inside sur&ce of the casing 3075. The fluid passages 31 10 are adapted to convey 
fluidic materials such as, for example, cement, qx>xy, water, drilling fluids or 
lubricants at operating pressures and flow rates rangmg Scorn about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

30 The first inner sealing mandrel 3020 fiirtfaer preferably includes fluid passages 

3115 that are adapted to convey fluidic materials from the fluid passage 3095 into 
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the first pressure chamber 3175 defined by the first upper sealing head 3030, the 
first lower sealing head 3035, the first inner sealing mandrel 3020, and the first outer 
sealing mandrel 3040. During operation of the apparatus 3000, pressurization of the 
pressure chamber 3175 causes the first upper sealing head 3030, the first outer 
5 sealing mandrel 3040, tiie second upper sealing head 3050, the second outer sealing 
mandrel 3060, and tfie e^gsansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to tfie outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are activated 
upon the pressurization of the fluid passage 3095 into contact wiA the inside siirface 

10 of the casing 3075. In tfiis manner, tte slips 3025 maintain the casmg 3075 in a 
substantially stationaiy position. 

The slips 3025 preferably include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may conqmse any 
number of conventional commercially available hydraulic slips such as, for exanq>le, 

15 RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable bridge plug 
with hydraulic slips. The slips 3025 con^nise RTTS packer tungsten carbide 
hydraulic slips available fix)m Halliburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 3075 during the expansion 
process. 

20 The first upper sealing head 3030 is coupled to the first outer sealing mandrel 

3040, the second uppor sealing head 3050, the second outer sealmg mandrel 3060, 
and die expansion cone 3070. The first upper sealing head 3030 is also movably 
coiq)led to the outer surface of the first inner sealing mandrel 3020 and the inner 
sur&ce of die casmg 3075. Jn this manner, the first upper sealing head 3030, the 

25 first outer sealing mandrel 3040, the second jspper sealing head 3050, the second 
outer sealing mandrel 3060, and the e^qsansion cone 3070 reciprocate in ttie axial 
direction. 

The radial clearance between the inner cylindrical surface of flie first iqyper 
sealing head 3030 and the out^ surface of flie first inner sealing mandrel 3020 may 
30 range, for exanq>le, firom about 0.0025 to 0.05 inches. The radial clearance between 
the inner cylindrical sur&ce of the first upper sealing head 3030 and the outer 
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surfece of the first inner sealing mandrel 3020 ranges from about 0.005 to 0.01 
inches in order to optimally provide minimal radial clearance. The radial clearance 
between the outer cylindrical surface of the first upper sealing head 3030 and the 
inner surface of the casing 3075 may range, for example, from about 0.025 to 0.375 
inches. The radial clearance between the outer cylindrical surfece of the first upper 
sealing head 3030 and the inner surface of the casing 3075 ranges from about 0.025 
to 0.125 inches in order to optimally provide stabilization for the expansion cone 
3070 during the expansion process. 

The first i^jper sealing head 3030 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first upper sealing 
head 3030 may be fabricated fiiom any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, or other similar higjh strength materials. The first upper sealing 
head 3030 is fisibricated fix>m stainless steel in order to optimally provide high 
strengtfi, corrosion resistance, and low fricticm surfaces. The iimer sur&ce of the 
first iq>per sealing head 3030 preferably includes one or more annular sealing 
members 3145 for sealing the interface between the first upper sealing head 3030 
and the first mner sealing mandrel 3020. The sealing members 3 145 may conqjrise 
any number of conventional commercially available annular sealing members such 
as, for example, o-rings, polypak seals or metal spring energized seals. The sealing 
members 3145 comprise polypak seals available from Parker seals in order to 
optimally provide sealing for a long axial stroke. 

The first i^>per sealing head 3030 includes a shoulder 3150 fiir supporting the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing 
head 3050, second outer sealing mandrel 3060, and expansion cone 3070 on the first 
lowCT sealing head 3035. The first upper sealing head 3030 may be coupled to the 
first outer sealing mandrel 3040 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty type threaded connection, or a standard dreaded 
connection. The first ijq>per sealing head 3030 is removably coupled to the first 
outer sealing mandrel 3040 by a standard threaded connection. The mechanical 



coupling between the first upper sealing head 3030 and the first outer sealing 
mandrel 3040 includes one or more sealing members 3155 for fluidicly sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel 3040. The sealing members 3155 may con^rise any numbo" of 
5 conventional commercially available scaling members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. The sealing members 3155 conq)rise 
polypak seals available fix>m Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing mandrel 

10 3020 and the second inner sealing mandrel 3045. The first low^ sealing head 3035 
is also movably coupled to the inner surface of the first outer sealing mandrel 3040. 
In this manner, the first upper sealing head 3030, first outer sealing mandrel 3040, 
second upper sealing head 3050, second outer sealing mandrel 3060, and expansion 
cone 3070 reciprocate in Ae axial direction. The radial clearance between the outer 

15 surface of the first lower sealing head 3035 and the inner surface of the first outer 
sealing mandrel 3040 may range, for exanqjle, from about 0.0025 to 0.05 inches. 
The radial clearance between the outCT surface of the first lower sealing head 3035 
and the inner surface of the outer sealing mandrel 3040 ranges fi-om about 0.005 to 
0.01 inches in order to optimally provide minimal radial clearance. 

20 The first lower sealing head 3035 preferably conqirises an annular member 

having substantially cylindrical inner and outer sur&ces. The first lower sealing 
head 3035 may be fiibricated fi^om any number of conventional commerdally 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, caibon steel, stainless steel ot other similar hi^ strengA materials. The first 

25 lower sealing head 3035 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction siirfitces. The outer 
surfoce of the first lower sealing head 3035 preferably includes one or more annular 
sealing members 3160 for sealing the inter&ce between the first lower sealing head 
3035 and the first outer sealing mandrel 3040. The sealing members 3160 may 

30 comprise any number of conventional commercially available annular sealing 
members such as, for exan^le, o-rings, polypak seals, or metal spring energized 



• • • • 



seals. The sealing members 3160 comprise polypak seals available from Parker 
Seals in ordCT to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner sealing 
mandrel 3020 using any number of conventional commercially available mechanical 
5 couplings such as, for exanxple, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The first lower sealing head 303S is removably 
coupled to the first inner sealing mandrel 3020 by a standard threaded coimection. 
The mechanical coupling between the first lower sealing head 3035 and the first 

10 inner sealing mandrel 3020 includes one or more sealing members 3 1 65 for fluidicly 
sealing the tnterfiace between the first lower sealing head 3035 and the first inner 
sealing mandrel 3020. The sealing members 3165 may conprise any number of 
conventional commercially available sealing members such as, for exanq^le, o-rings, 
polypak seals, or metal spring energized seals. The sealing members 3 165 comprise 

15 polypak seals available fi^ Parker Seals in order to optimally provide sealing for a 
long axial stroke length. 

The first lower sealing head 3035 may be coupled to the second inner sealing 
mandrel 3045 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 

20 specialty type threaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The first lower sealing head 3035 is removably 
coiq)led to the second inner sealing mandrel 3045 by a standard threaded 
connection. The mechanical coupling between the first lower sealing head 3035 
and the second inner sealing mandrel 3045 includes one or more sealing members 

25 3170 for fluidicly sealing the inter&ce betwem the first lower sealing head 3035 and 
the second inner sealing mandrel 3045. The sealing menib^ 3170 may conqirise 
any number of conventional conmiercially available sealing members such as, for 
exan:q>le, o-rings, polypak seals or metal spring energized seals. The sealing 
members 3170 comprise polypak seals available from Parker Seals in order to 

30 optimally provide sealing for a long axial stroke. 



The first outer sealing mandrel 3040 is coupled to the first upper sealing head 
3030 and the second upper sealing head 3050. The first outer sealing mandrel 3040 
is also movably coiq>led to the inner surface of the casing 3075 and the outer surface 
of the first lower sealing head 3035. In this manner, the first upper sealing head 

5 3030, first outer sealing mandrel 3040, second upper sealing head 3050, second 
outer sealing mandrel 3060, and Ae expansion cone 3070 reciprocate in tfie axial 
direction. The radial clearance between the outer surface of the first outer sealing 
mandrel 3040 and flie inner surface of Hie casmg 3075 may range, for example, from 
about 0.025 to 0.375 inches. The radial clearance between the outer surface of the 

10 first outer sealing mandrel 3040 and ttie inner surfoce of the casing 3075 ranges 
from about 0.02S to 0.125 inches in order to optimally provide stabilization for the 
expansion cone 3070 during the expansion process. The radial clearance between 
the inner surfru^e of the first outer sealing mandrel 3040 and the outer surface of the 
first lower sealing head 3035 may range, for exan^le, from about 0.005 to 0.125 

15 inches. The radial clearance between the inner surface of tiie first outer sealing 
mandrel 3040 and the outer surfiace of the first lower sealing head 3035 ranges from 
about 0.005 to 0.01 inches in order to optimally provide minimal radial clearance. 

The first outer sealing mandrel 3040 preferably conqjrises an annular memb«" 
having substantially cylindrical inner and outer surfaces. The first outer sealing 

20 mandrel 3040 may be fribricated fix>m any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainlesfs steel or o&er similar high strengOi materials. The first 
outer sealing mandrel 3040 is fribricated from stainless steel m order to optimally 
provide high strength, corrosion resistance, and low fiiction surfiu:es. 

25 The first outer sealing mandrel 3040 may be coiQ>led to the first upper sealing 

head 3030 using any number of conventional commercially available mechanical 
couplings such as, for exanqile, drillpipe connection, oilfield country tubular goods 
specialty type tiireaded connection, ratchet-latch type threaded connection or a 
standard threaded connection. The first outer sealing mandrel 3040 is removably 

30 coupled to the first upper sealing head 3030 by a standard threaded connection. The 
mechanical coupling between the first outer sealing mandrel 3040 and the first upper 
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sealing head 3030 includes one or more sealing members 3180 for sealing the 
inter&ce between the first outer sealing mandrel 3040 and fhe first upper sealing 
head 3030. The sealing members 3 180 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak 
5 seals or metal spring energized seals. The sealing members 3 1 80 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first outo* sealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 

10 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type dveaded connection, ratchet-latcfa type tiireaded 
connection, or a standard threaded connection. The first out^ sealing mandrel 3040 
is removably coupled to the second upper sealing head 30S0 by a standard flireaded 
connection. The mechanical coupling between the first outer sealing mandrel 3040 

1 5 and the second upper sealing head 3050 includes one or more sealing members 3 1 85 
for sealing the inter&ce between the first outer sealing mandrel 3040 and fhe second 
upper sealing head 3050. The sealing members 3185 may comprise any nimiber of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. The sealing members 3185 comprise 

20 polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second inner sealing mandrel 3045 is coiq)led to the first lower sealing 
head 3035 and fhe second lower sealing head 3055. The second inner sealing 
mandrel 3045 preferably comprises a substantially hollow tubular membo" or 

25 members. The second inner sealing mandrel 3045 may be fabricated fiiom any 
number of conventional commercially available materials such as, for exanq^le, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. The second inner sealing mandrel 3045 is fisdiricated 
from stainless steel in order to optimally provide high strength, corrosion resistance, 

30 and low filction surfaces. 




The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tabular goods specialty type direaded connection, ratchet-latch type threaded 
5 connection or a standard threaded connection. The second inner sealing mandrel 
3045 is removably coupled to the first lower sealing head 3035 by a standard 
threaded connection. The second inner sealing mandrel 3045 may be coupled to die 
second Iowa- sealing head 3055 using any number of conventional comm^cially 
available mechanical couplings such as, for exanq>le, drillpipe connection, oilfield 

10 country tubular goods specialty type threaded connection, ratchet-latch type 
connection, or a standard tiireaded connection. The second inner sealing mandrel 
3045 is removably coupled to die second lower sealing head 3055 by a standard 
threaded connection. 

The second inner sealing mandrel 3045 preferably includes a fluid passage 

15 3100 that is adapted to convey fluidic materials from the fluid passage 3095 into the 
fluid passage 3105. The fluid passage 3100 is adapted to convey fluidic materials 
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9ftOO psi and 0 to 3,000 
gallons/minute. 

20 The second inner sealing mandrel 3045 further preferably includes fluid 

passages 3120 that are Bdapted to convey fluidic materials from die fluid passage 
3100 into the second pressure diamber 3190 defined by the second upper sealing 
head 3050, the second lower sealing head 3055, die second inner sealing mandrel 
3045, and the second outer sealing mandrel 3060. During operation of the apparatus 

25 3000, pressurizatim of tfie second jHessure chamber 3190 causes the first upper 
sealing head 3030, the first outer sealing mandrel 3040, the second iqjper sealing 
head 3050, the second outer sealing mandrel 3060, and the expansion cone 3070 to 
move in an axial direction. 

The second upper sealing head 3050 is coupled to the first outer sealing 

30 mandrel 3040 and the second outer sealing mandrel 3060. The second upper sealing 
head 3050 is also movably coupled to the outer surface of the second inner sealing 
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mandrel 3045 and the inner surface of tfie casing 3075. In this manner, the second 
upper sealing head 3050 reciprocates in the axial direction. The radial clearance 
between the inner cylindrical surface of the second upper sealing head 3050 and the 
outer surface of the second inner sealing mandrel 3045 may range, for example, 

5 from about 0,0025 to 0.05 inches. The radial clearance between the inner cylindrical 
surface of the second upper sealing head 3050 and the outer surface of the second 
inner sealing mandrel 3045 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the outer 
cylindrical surface of the second upper sealing head 3050 and the inner surface of 

10 tibe casing 3075 may range, for example, from about 0.025 to 0.375 inches. The 
radial clearance between the outer cylindrical surface of the second upper sealing 
head 3050 and the inner surface of the casing 3075 ranges from about 0.025 to 0.125 
mches m order to optimally provide stabilization for the expansion cone 3070 during 
the expansion process. 

15 The second upper sealing head 3050 preferably conqirises an annular member 

having substantially cylindrical iimer and outer surfaces. The second iqpper sealing 
head 3050 may be fabricated from any number of convrational commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
* steel, carbon steel, stainless steel or other similar high strength materials. The 

20 second upper sealing head 3050 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low fricti(m surfaces. The 
inner sur&ce of the second upp^ sealing head 3050 preferably includes one or more 
annular sealing menibCTs 3195 for sealing the interface between the second upper 
sealing head 3050 and the second inner sealing mandrel 3045. The sealing members 

25 3195 may conqnise any nuniber of conventional commercially available annular 
sealing members such as, for exanq>le, o*rings, polypak seals or metal spring 
energized seals. The sealing members 3195 conq>rise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The second upper sealing head 3050 includes a shoulder 3200 for supporting 

30 the first upper sealing head 3030, first outer sealing mandrel 3040, seccxid upper 
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sealing head 30S0, second outer sealing mandrel 3060» and expansion cone 3070 on 
the second lower sealing head 30SS. 

The second upper sealing head 30S0 may be coupled to the first outer sealing 
mandrel 3040 using any number of conventional commercially available mechanical 
5 couplings such as, for exanq>le, drillpipe connection, oilfield country tubular goods 
^ecialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. The second upper sealing head 3050 is removably 
coupled to ttie first outer sealing mandrel 3040 by a standard ttreaded connection. 
The mechanical coiq>ling between tfie second upper sealing head 3050 and the first 

1 0 outer sealing mandrel 3040 includes one or more sealing mend>ers 3 1 85 for fluidicly 
sealing the interface between the second upper sealing head 3050 and the first outer 
sealing mandrel 3040. The second upper sealing head 3050 may be coupled to the 
second outer sealing mandrel 3060 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 

15 country tubular goods specialty type threaded connection, ratchet-latch type 
threaded connection, or a standard threaded connection. The second upper sealing 
head 3050 is removably coupled to the second outer sealing mandrel 3060 by a 
standard threaded connection. The mechanical coupling between the second upper 
sealing head 3050 and the second outer sealing mandrel 3060 includes one or more 

20 sealing members 3205 for fluidicly sealing the interface between the second upper 
sealing head 3050 and the second outer sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to the second inner sealing 
mandrel 3045 and the load mandrel 3065. The second lower sealing head 3055 is 
also movably coupled to the inner sur&ce of the second outer sealing mandrel 3060. 

25 In this manner, tfie first upper sealing head 3030, first outer sealing mandrel 3040, 
second upper sealing mandrel 3050, second outer sealing mandrel 3060, and 
expansion cone 3070 reciprocate in the axial direction. The radial clearance 
between the outer surface of the second lower sealing head 3055 and the inner 
surface of the second outer sealing mandrel 3060 may range, for example, fi-om 

30 about 0,0025 to 0.05 inches. The radial clearance between the outer surfiice of the 
second lower sealing head 3055 and the inner surface of the second outer sealing 
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mandrel 3060 ranges from about 0.005 to 0.01 indies in order to optimaUy provide 
minimal radial clearance. 

The second lower sealing head 305S preferably comprises an annular member 
having substantially cylindrical iraier and outer surfaces. The second lower sealing 

5 head 3055 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel, or other similar high strength materials. The 
second lower sealing head 3055 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. The 

10 outer surface of fhe second lower sealing head 3055 preferably includes one or more 
annular sealing members 3210 for sealing the interface between fhe second lower 
sealing head 3055 and the second outer sealing mandrel 3060. The sealing members 
3210 may comprise any number of conventional commercially available annular 
sealing members sudi as, for exanq>le, o-rings, polypak seals, or metal spring 

15 energized seals. The sealing members 3210 comprise polypak seals available from 
Parker Seals in order to optunally provide sealing for long axial strokes. 

The second lower sealing head 3055 may be coiq)led to the second inner 
sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe cormection, oilfield coxmtry 

20 tubular goods specialty type threaded connection, or a standard threaded connection. 
The second lower sealing head 3055 is removably coupled to the second inner 
sealing mandrel 3045 by a standard threaded connection. The mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 3045 
includes one or more sealing meihbers 3215 for fliridicly sealhig the interface 

25 between the second lower sealing head 3055 and ttie second inner sealing mandrel 
3045. The sealing mraibm 3215 may con^se any number of conventional 
commercially available sealing members such as, for exanple, o-rings, polypak 
seals or metal spring energized seals. The sealing members 3215 conq)rise polypak 
seals available from Parker Seals in order to optimally provide sealing for long axial 

30 strokes. 
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The second lower sealing head 3055 may be coupled to the load mandrel 3065 
using any number of conventional commercially available mechanical couplings 
such as, for exanfq>le, drillpipe connection, oilfield country tubular goods specialty 
type tfireaded connection, or a standard threaded connection. The second lower 
5 sealing head 3055 is removably coupled to tihe load mandrel 3065 by a standard 
threaded connection. The mechanical coupling between the second lower sealing 
head 3055 and the load mandrel 3065 includes one or more sealing members 3220 
for fluidicly sealing the interface between the seomd lower sealing head 3055 and 
the load mandrel 306S« The sealing members 3220 may comprise any number of 
10 conventional commercially available sealing members such as, for exanq>le, o-rings, 
polypak seals or metal spring energized seals. The sealing members 3220 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second lower sealing head 3055 includes a throat passage 3225 fluidicly 

15 coupled between the fluid passages 3100 and 3105- The throat passage 3225 is 
preferably of reduced size and is adapted to receive and engage with a plug 3230, or 
other similar device. In this manner, the fluid passage 3100 is fluidicly isolated 
from the fluid passage 3105. In this manner, the pressure chambers 3175 and 3190 
are pressurized. Furttiermore, the placement of the plug 3230 in the throat passage 

20 3225 also pressurizes the pressure chambers 3 1 30 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the secwd ti^qier sealing 
head 3050 and the expansion cone 3070. The second outer sealing mandrel 3060 is 
also movably coupled to the inner surface of the casing 3075 and the outer surfoce 
of the second lower sealing head 3055. In tins manner, the first upper sealing head 

25 3030, first outer sealing mandrel 3040, second upper sealing head 3050, second 
outer sealing mandrel 3060, and die expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second outer 
sealing mandrel 3060 and the inner surface of the casing 3075 may range, for 
example, from about 0,025 to 0.375 inches. The radial clearance between the outer 

30 surface of the second outer sealing mandrel 3060 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 

• • • • dOO • ft , 




stabilization for the expansion cone 3070 during the expansion process. The radial 
clearance between the inner surface of the second outer sealing mandrel 3060 and 
the outer surface of the second lower sealing head 30SS may range, for example, 
ftom about 0.0025 to 0.05 inches- The radial clearance between the inner surface of 
5 the second outer sealing mandrel 3060 and the outer surface of the second lower 
sealing head 3055 ranges from about 0*005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

The second outer sealing mandrel 3060 preferably conq)rises an annular 
member having substantially cylindrical inner and outer sur&ces. The second outer 

10 sealing mandrel 3060 may be fabricated from any niunber of convrational 
commercially available materials sudi as, for exanq>le, oilfield country tubular 
goods* low alloy steel, carbon steel, stainless steel or oUhcr similar higb strengOi 
materials. The second outer sealing mandrel 3060 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low friction 

15 surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded connection. 

20 The outer sealing mandrel 3060 is removably coupled to the second upper sealing 
head 3050 by a standard threaded connection. The second Outer sealing mandrel 
3060 may be coupled to the expansion cone 3070 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubidar goods specialty type threaded connection, or a 

25 standard flireaded connection. The second outer sealing mandrel 3060 is removably 
coupled to tfie expansion cone 3070 by a standard threaded connection. 

The first upper sealing head 3030, the first lower sealing head 3035, the first 
inner sealing mandrel 3020, and flie first outer sealing mandrel 3040 together define 
the first pressure chamber 3175. The second upper sealing head 3050, the second 

30 lower sealing head 3055, the second inner sealing mandrel 3045, and the second 
outer sealing mandrel 3060 togetfier define the second pressure chamber 3190. The 
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first and second pressure chambers, 3175 and 3190, are fluidicly coupled to the i 
passages, 3095 and 3100, via one or more passages, 3115 and 3120, During 
operation of the apparatus 3000, the plug 3230 engages with the throat passage 3225 j 
to fluidicly isolate the fluid passage 3 100 from the fluid passage 3 105. The pressure 
5 chambers, 3175 and 3190, are then pressurized which in turn causes flie first upper 
sealing head 3030, the Grst outer sealing mandrel 3040, flie second upper sealing 
head 3050, the second outer sealing mandrel 3060, and expansion cone 3070 to 
reciprocate in the axial direction. The axial motion of the expansion cone 3070 in 
turn expands the casmg 3075 in the radial direction. The use of a plurality of | 

10 pressure chambers, 3175 and 3190, effectively multiplies the available driving force ^ 
for tiie expansion cone 3070. ' 

The load mandrel 3065 is coupled to ttie second lower sealing head 3055. The . 
load mandrel 3065 preferably con^mses an annular member having substantially 
cylindrical inner and outor surfiEu:es. The load mandrel 3065 may be £Eibricated 

15 fix)m any number of conventional commercially available materials such as, for 
exanq>le, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. The load mandrel 3065 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low firiction suifrtces. 

20 The load mandrel 3065 may be coupled to the lower sealing head 3055 using 

any number of conventional commercially available mechanical couplings such as, 
for example, epoxy, cement, water, drilling mud, or lubricants. The load mandrel 
3065 is removably coupled to the lower sealmg head 3055 by a standard threaded 
connection. 

25 The load mandrel 3065 preferably includes a fluid passage 3 105 that is adapted 

to convey fiuidic materials from flie fluid passage 3100 to the region outside of Ae 
apparatus 3000. The fluid passage 3105 is adapted to convey fluidic materials such 
as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

30 gallons/minute. 




The expansion cone 3070 is coupled to the second outer sealing mandrel 3060. 
The expansion cone 3070 is also movably coupled to the inner surface of the casing 
3075. In this manner, the first upper sealing head 3030, first outer sealing mandrel 
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and the 

5 expansion cone 3070 reciprocate in the axial direction/ The reciprocation of the 
expansion cone 3070 causes the casing 3075 to expand in the radial direction. 

The expansion cone 3070 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for exanq)le, from about 2 to 34 inches. The 

10 outside radiiis of the outside conical surface ranges from about 3 to 28 inches in 
order to optimally provide an expansion cone 3070 for expanding typical casings. 
The axial length of the expansion cone 3070 may range, for exanq>le, from about 2 
to 8 times the maximum outer diameter of the expansion cone 3070. The axial 
length of ihe expansion cone 3070 ranges from about 3 to 5 times the maximum 

15 outer diameter of the expansion cone 3070 in order to q>timally provide stabilization 
and centralization of the expansion cone 3070 during the expansion imcess. The 
maximum outside diameter of the expansion cone 3070 is between about 95 to 99 % 
of the inside diameter of the existing wellbore that the casing 3075 will be joined 
with. The angle of attack of the expansion cone 3070 ranges from about 5 to 30 

20 degrees in order to optimally balance the frictional forces with the radial expansion 
forces. 

The expansion cone 3070 may be fabricated from any number of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics, or other similar high strength materials. 
25 The expansion cone 3070 is fabricated from D2 machine tool steel in order to 
optimally provide high strength and resistance to wear and galling. The outside 
surface of the expansion cone 3070 has a sur&ce hardness ranging from about 58 to 
62 Rockwell C in order to optimally provide high strmgth and resistance to wear 
and galling. 

30 The expansion cone 3070 may be coupled to the second outside sealing 

mandrel 3060 using any number of convrational commercially available mechanical 

• • *it>^** * *•* 

• • ♦ 400 • • • 

• • * • A mm 

* • * • ^ • % 

• 4» •«•• • 

■ • 



couplings such as, for exan^le, drillpipe connection, oilfield countiy tubular goods 
specialty type threaded connection, ratchet-latch type connection or a standard 
threaded connection. The expansion cone 3070 is coupled to the second outside 
sealing mandrel 3060 using a standard threaded connection in order to optimally 

5 provide high strength and easy disassembly. 

The casing 3075 is removably coupled to the slips 3025 and the expansion 
cone 3070. The casing 3075 preferably oonqnises a tubular member. The casing 
3075 may be fabricated from any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield country tubular goods, 

10 caibon steel, low alloy steel, stainless steel, or other similar higji strength materials. 
The casing 3075 is fabricated &om oilfield country tubular goods available firom 
various foreign and domestic steel mills hi order to optimally provide high strength. 

The upper end 3235 of the casing 3075 includes a fliin wall section 3240 and 
an outer annular sealing member 3245. The wall thickness of the thin wall section 

15 3240 is about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
marniCT, the upper end 3235 of the casing 3075 may be easily radially expanded and 
deformed into intimate contact with die lower end of an existing section of wellbore 
casing. The lower end of tiie existing section of casing also includes a thin wall 
section. In this manner, tiie radial expansion of the thin walled section 3240 of 

20 casing 3075 into the thin walled section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 

The annular sealing member 3245 may be fabricated fix)m any number of 
conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. The annular sealing member 3245 is fabricated from 

25 StrataLock epoxy in order to optimally provide compressibility and wear resistance. 
The outside diameter of the annular sealing member 3245 prefeably ranges fixmi 
about 70 to 95 % of the inside diameter of the lower section of the wellbore casing 
that tiie casing 3075 is joined to. In this manner, after radial expansion, the annular 
sealing member 3245 optimally provides a fluidic seal and also preferably optimally 

30 provides sufficient frictional force with the inside surface of the existing section of 
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wellbore casing during the radial expansion of the casing 3075 to support the casing 
3075, 

The lower end 3250 of the casing 3075 includes a diin wall section 3255 and 
an outer annular sealing member 3260. The wall thickness of the thin wall section 

5 3255 is about 50 to 100 % of the regular wall thickness of tiie casing 3075. In this 
manner, the lower end 3250 of the casing 3075 may be easily expanded and 
deformed. Furthermore, in this manner, an other section of casing may be easily 
joined with the lower end 3250 of the casing 3075 using a radial expansion process. 
The upper end of the other section of casing also includes a thin wall section. In this 

10 mann^, the radial expansion of tfie thin waited section of the upper end of the other 
casing into the fhm walled section 32S5 of the lower end 3250 of the casing 3075 
results in a wellbore casing havmg a substantially constant inside diameter. 

The upper annular sealing member 3245 may be fabricated from any number 
of conventional commer c ially available sealing materials such as, for example, 

15 epoxy^ rubber, metal or plastic. The upper annular sealing member 3245 is 
fabricated from Stratalock epoxy in ord^ to optimally provide conqiressibility and 
resistance to wear. The outside diameter of the upper annular sealing member 3245 
preferably ranges from about 70 to 95 % of the inside diameter of the lower section 
of the existing wellbore casing that the casing 3075 is joined to. In this manner, 

20 after radial expansion, the upper annular sealing member 3245 preferably provides a 
fluidic seal and also preferably provides suflRcient frictional force with the inside 
wall of the wellbore during the radial expansion of the casing 3075 to support the 
casing 3075. 

The lower annular sealing member 3260 may be fabricated from any number 
25 of conventional c om mercially available sealing materials such as, for example, 
epoxy, rubber, metal or plastic. The lower annular sealing member 3260 is 
fabricated from StrataLock epoxy in order to optimally provide conq)ressibility and 
resistance to wear. The outside diameter of the lower annular sealing member 3260 
preferably ranges from about 70 to 95 % of the inside diameter of the low^ section 
30 of die existing wellbore casing that die casing 3075 is joined to. In this manner, &e 
lower annular sealing member 3260 preferably provides a fluidic seal and also 
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preferably provides sufficient frictional force with the inside wall of the wellbore 
during the radial expansion of the casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a wellbore 
with the upper end 3235 of the casing 3075 positioned in an overlapping relationship 
5 with the lower end of an existing wellbore casing. The thin wall section 3240 of flie 
casmg 3075 is positioned in opposing overlapping relation with the fliin wall section 
and outer annular sealing memb^ of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 3075 will 
conqpress the thin wall sections and annular conq)ressible members of the vpper end 

10 3235 of ttie casing 3075 and the lower end of the existing wellbore casing into 
intimate contact During the positioning of Ae ^yparatus 3000 in ttie wellbore, the 
casing 3000 is prefoBbly supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first fluidic material is ttien pumped 
into the fluid passage 3080. The first fluidic material may comprise any number of 

15 conventional commercially available materials such as, for example, drilling mud, 
water, epoxy, cement, slag mix or lubricants. The first fluidic material comprises a 
hardenable fluidic sealing material such as, for example, cement, epoxy, or slag mix 
in order to optimally provide a hardenable outer annular body around die expanded 
casing 3075. 

20 The first fluidic material may be pumped into the fluid passage 3080 at 

opmting pressures and flow rates ranging, for exan^le, fi?om about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The first fluidic material is punq>ed into die fluid 
passive 3080 at operating pressures and flow rates ranging finom about 0 to 3,500 psi 
and 0 to 1^00 gallons/minute in order to optimally provide operating efficiency. 

25 The first fluidic material pumped into flie fluid passage 3080 passes through 

flie fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of the 
q>paratus 3000. The first fluidic material fhm prefin:ably fills the atmular region 
between the outside of the apparatus 3000 and the interior walls of the wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 3230 

30 lodges in the throat passage 3225 and fluidicly isolates and blocks off the fluid 
passage 3100. A couple of volumes of a non-hardenable fluidic material are then 
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punq>ed into the fluid passage 3080 in order to remove any hardenable fluidic 
material contained within and to ensure that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 3080. The 
second fluidic material may comprise any number of conventional commercially 
5 available materials such as, for exanq>le, water, drilling gases, drilling mud or 
lubricant The second fluidic material comprises a non-hardenable fluidic material 
such as, for example, water, drilling mud, drilling gases, or lubricant in order to 
optimally provide pressurizaticm of the pressure chambers 3 1 75 and 3 1 90. 

The second fluidic matoial may be pumped into the fluid passage 3080 at 
10 operating pressures and flow rates ranging, for example, fix>m about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. The second fluidic material is pumped into the fluid 
passage 3080 at operating pressures and flow rates ranging from about 0 to 3,500 psi 
and 0 to 1,200 gallons/minute in ordo- to optimally provide operaticmal efficiency. 

The second fluidic material pun:q>ed into die fluid passage 3080 passes through 
. 15 fliefluidpassages 3085, 3090, 3095, 3100 aiid into the pressure chambers 3130 of 
the slips 3025, and into the pressure chambers 3175 and 3190. Continued punning 
of the second fluidic material pressurizes the pressure chambers 3130, 3175, and 
3190. 

The pressurization of the pressxire chambers 3130 causes the hydraulic slip 
20 members 3140 to expand in the radial direction and grip the interior surface of the 
casing 3075. The casing 3075 is thm preferably maintained in a substantially 
stationary position. 

The pressurization of the pressure chambm 3175 and 3190 cause the first 
upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing 
25 head 3050, second outer sealing mandrel 3060, and expansion cone 3070 to move in 
an axial direction relative to the casing 3075. In this nruumer, Uie expansion cone 
3070 will cause die casing 3075 to expand in the radial direction, beginning witfi flie 
lower end 3250 of the casing 3075. 

During the radial expansion process, die casing 3075 is prevented from 
30 moving in an upward direction by the slips 3025. A length of the casing 3075 is 
dien expanded in the radial direction through the pressurizaticm of the pressure 
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chambers 3175 and 3190. The length of the casing 3075 that is expanded during the 
expansion process will be proportional to the stroke length of the first upper sealing 
head 3030, first outer sealing niandrel 3040, second upper sealing head 3050, and 
expansion cone 3070. 

5 Upon the conq>letion of a stroke, the operating pressure of ttic second fluidic 

material is reduced and ttie first upper sealing head 3030, first outer sealing mandrel 
3040, second i^yper sealing head 3050, second outer sealing mandrel 3060, and 
expansion cone 3070 drop to their rest positions with the casing 3075 supported by 
the expansion cone 3070. The reduction in the operating pressure of the second 

10 fluidic material also causes the spring bias 3135 of the slips 3025 to pull the slip 
members 3 140 away fi-om the inside walls ofiht casing 3075. 

The position of the drillpipe 3075 is preferably adjusted throu^out the radial 
expansion process in order to maintain tfie overlapping relationship between the thin 
walled sections of the lower end of the existing wellbore casing and the upper end of 

15 the casing 3235. The stroking of the e3q)ansion cone 3070 is then repeated, as 
necessary, until the thin walled section 3240 of the upper end 3235 of the casing 
3075 is expanded into the thin walled section of the lower end of the existing 
wellbore casing. In this manner, a wellbore casing is formed including two adjacent 
sections of casing having a substantially constant inside diameter. This process may 

20 then be repeated for the entirety of die weUbore to provide a wellbore casing 
tfiousands of feet in length having a substantially constant inside diameter. 

During the final stroke of the expansion cone 3070, flie slips 3025 are 
positioned as close as possible to the thin walled section 3240 of the upper end 3235 
of the casing 3075 in order minimize slippage between the casing 3075 and the 

25 existing wellbore casing at the end of flie radial expansion process. Alternatively, or 
in addition, tiie outside diameter of the upper annular sealing member 3245 is 
selected to ensure sufficient interference fit with the inside diameter of the lower md 
of the existing casing to prevent axial displacement of the casing 3075 during tiie 
final stroke. Alternatively, or in addition, die outside diameter of the lower annular 

30 sealing member 3260 is selected to provide an interference fit with the inside walls 
of the wellbore at an earlier point in the radial expansion process so as to prevent 




further axial displacement of the casing 307S. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 
pulling the expansion cone 3070 out of the wellbore, without having to pressurize 
the pressure chambers 3 1 75 and 3 1 90. 
5 During the radial expansion process, ttie pressurized areas of the apparatus 

3000 are preferably limited to the fluid passages 3080» 3085, 3090, 3095, 3100, 
3110, 3115, 3120, the pressure chambers 3130 within fhe slips 3025, and the 
pressure chambers 3175 and 3190. No fluid pressure acts direcdy on the casing 
3075. This permits the use of operating pressures higiher dian the casing 3075 could 

10 normally withstand. 

Once the casing 3075 has been conq)letely expanded off of flie expansion cone 
3070, tfie remaining portions of the qiparatus 3000 are removed from the wellbore. 
The contact pressure between the deformed thin wall sections and compressible 
annular members of the lower end of die existing casing and the upper end 3235 of 

15 tiie casing 3075 ranges from about 400 to 10,000 psi in order to (^timally support 
the casing 3075 using the existing wellbore casing. 

In this manner, the casing 3075 is radially expanded into contact with an 
existing section of casing by pressurizing die interior fluid passages 3080, 3085, 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 

20 3025 and the pressure chambers 3 1 75 and 3 1 90 of the apparatus 3000. 

As required, the annular body of hardenable fluidic material is then allowed to 
cure to form a rigid outer annular body about the expanded casing 3075. In fhe case 
where the casing 3075 is slotted, the cured fluidic matoial prefcnbly permeates and 
mvelops the expanded casing 3075. The resulting new section of wellbore casing 

25 includes the expanded casing 3075 and the rigid outer annular body. The 
overlsqyping joint between the pre-existing wellbore casing and the expanded casing 
3075 includes the deformed thin wall sections and the compressible outer annular 
bodies. The inner diameter of die resulting combined wellbore casings is 
substantially constant. In this manner, a mono-diameter wellbore casing is formed. 

30 This process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the entire 
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length of a wellbore. In this manner, a mono-diameter wellbore casing can be 
provided for thousands of feet in a subterranean formation. 

As the expansion cone 3070 nears the upper end 323S of tiie casing 3075, the 
operating flow rate of the second fluidic material is reduced in order to minimize 
5 shock to the apparatus 3000. The qjparatus 3000 includes a shock absorber for 
absolving the shock created by ihe conq)letion of the radial expansion of the casing 
3075. 

The reduced opmrting pressure of Ae second fluidic material ranges from 
about 100 to 1,000 psi as the expansion cone 3070 nears die end of the casing 3075 

10 in order to optimally provide reduced axial movement and velocity of the expansion 
cone 3070. The operating {M^essure of tiie second fluidic material is reduced during 
tfie return stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
minimize tfie resistance to tfie movement of the expansion cone 3070 during the 
return stroke. The stroke length of the apparatus 3000 ranges from about 10 to 45 

1 5 feet in order to optimally provide equipment that can be easily handled by typical oil 
well rigging equipment and also minimize the frequency at which the ^aratus 
3000 must be re-stroked. 

At least a portion of one or both of the upp^ sealing heads, 3030 and 3050, 
includes an expansion cone for radially expanding ihe casing 3075 during operation 

20 of the ^aratus 3000 in order to increase the surface area of the casing 3075 acted 
upon during tfie radial expansion process. In this manner, the oparating pressures 
can be reduced. 

Alternatively, the appaiatus 3000 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 3000 may be used to 
25 directly line the interior of a wellbore witfi a casing, without the use of an outer 
annular layer of a hardenable material. Alternatively, flie apparatus 3000 may be 
used to expand a tubular support member in a hole. 

Referring now to Figure 21 , an apparatus 3330 for isolating subterranean zones 
will be described. A wellbore 3305 including a casing 3310 are positioned in a 
30 subterranean formation 3315. The subterranean formation 3315 includes a number 
of productive and non-productive zones, including a water zone 3320 and a targeted 
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oil sand zone 3325. During exploration of fhe subterranean formation 331S» the 
wellbore 3305 may be extended in a well known manner to traverse the various 
productive and non-productive zones, including the water zone 3320 and the 
targeted oil sand zone 3325. 
5 In order to fluidicly isolate the water zone 3320 from the targeted oil sand zone 

3325, an ^aratus 3330 is provided that includes one or more sections of solid 
casing 3335, one or more external seals 3340, (me or more sections of slotted casing 
334S, one or more intermediate sections of solid casing 3350, and a solid shoe 3355. 
The solid casing 3335 may provide a fluid conduit that transmits fluids and 

10 other nuKterials from one end of the solid casing 3335 to the otiier end of the solid 
casing 3335. The solid casing 3335 may conq)rise any number of conventional 
commercially available sections of solid tubular casing such as, for exanq)le, oilfield 
tubulars fabricated fiY>m chromium steel or fiberglass. The solid casing 3335 
comprises oilfield tubulars available from various foreign and domestic steel mills. 

15 The solid casing 3335 is preferably coupled to the casing 3310. The solid 

casing 3335 may be coupled to the casing 3310 using any number of conventional 
commCTcially available processes such as, for example, welding, slotted and 
expandable connectors, or expandable solid connectors. The solid casing 3335 is 
coupled to the casing 3310 by using expandable solid connectors. The solid casing 

20 3335 may comprise a plurality of such solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted casings 
3345. The solid casing 3335 may be coupled to the slotted casing 3345 using any 
nundxar of conventional commercially available processes such as, for example, 
welding, or slotted and expandable connectors. The solid casing 3335 is coupled to 

25 the slotted casing 3345 by expandable solid connectxHS. 

Hie casing 3335 includes one more valve members 3360 for controlling tiie 
flow of fluids and other materials within the int^or region of the casing 3335. 
During die production mode of operation, an internal tubular string with various 
arrangements of packers, perforated tubing, sliding sleeves, and valves may be 

30 employed within the apparatus to provide various options for commingling and 
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isolating subterranean zones from each other while providing a fluid path to the 
surface. 

The casing 333S is placed into tiie wellbore 3305 by expanding the casing 
3335 in the radial direction into intunate contact with the interior walls of Ae 
wellbore 3305* The casing 3335 may be expanded in the radial direction using any 
number of conventional commCTcially available methods. The casing 3335 is 
expanded in the radial direction using one or more of the processes and apparatus 
described wi fliin the present disclosure. 

The seals 3340 prevent the passage of fluids and other materials within the 
annular region 3365 between the soUd casings 3335 and 3350 and the wellbore 
3305. The seals 3340 may comprise any number of conventional commercially 
available sealing materials suitable for sealing a casing in a wellbore such as, for 
example, lead, rubber or epoxy. The seals 3340 con^nise Stratalok epoxy material 
available from Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into and out 
of the interior of the slotted casing 3345 from and to the annular region 3365. In this 
mann^, oil and gas may be produced from a producing subterranean zone within a 
subterranean formation. The slotted casmg 3345 may conpise any number of 
conventional commereially available sections of slotted tubular casing. The slotted 
casing 3345 comprises expandable slotted tubular casing available from Petroline in 
Aberdeen, Scotland. The slotted casing 145 conq>rises expandable slotted 
sandsoeen tubular casing available from Petroline in Aberdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 
3335. The slotted casing 3345 may be coupled to Ac solid casing 3335 using any 
number of conventional commercially available processes such as, for exanple, 
welding, or slotted or solid expandable connectors. The slotted casing 3345 is 
coupled to the solid casing 3335 by expandable soUd connectors. 

The slotted casing 3345 is preferably coupled to one or more intermediate 
solid casings 3350. The slotted casing 3345 may be coupled to the intermediate 
solid casing 3350 using any number of conventional commercially available 
processes such as, for exanq>le, welding or expandable solid or slotted connectors. 



The slotted casing 334S is coupled to ttie intermediate solid casing 3350 by 
expandable solid connectors. 

The last section of slotted casing 3345 is preferably coupled to the shoe 3355. 
The last slotted casing 3345 may be coupled to the shoe 3355 using any number of 
5 conventional commercially available processes such as, for example, welding or 
expandable solid or slotted connectors. The last slotted casing 3345 is coupled to 
the shoe 3355 by an expandable solid connector. 

The shoe 3355 is coiq>led directly to the last one of the intamediate solid 
casings 3350. 

1 0 The slotted casings 3345 are positioned widiin the wellbore 3305 by expanding 

the slotted casings 3345 in a radial direction into intimate contact with the interior 
walls of the wellbore 3305. The slotted casings 3345 may be expanded in a radial 
direction using any nuntiber of conventional commercially available processes. The 
slotted casings 3345 are expanded in the radial direction using one or more of the 

1 5 processes and apparatus disclosed iii the present disclosure with reference to Figures 
14a-20. 

The intermediate solid casing 3350 permits fluids and oth^ materials to pass 
between adjacent slotted casings 3345. The intermediate solid casing 3350 may 
comprise any number of conventional commercially available sections of solid 

20 tubular casing such as, for example, oilfield tubulars fabricated from chromium steel 
or fiberglass. The intermediate solid casing 3350 conq[>rises oilfield tubulars 
available from foreign and domestic steel mills. 

The intermediate solid casing 3350 is preferably coiq)led to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 

25 coupled to fhe slotted casing 3345 using any numbo: of conventional commercially 
available processes such as, for exanqile, welding, or solid or slotted expandable 
connectors. The intmnediate solid casing 3350 is coupled to the slotted casing 3345 
by expandable solid connectors. The intermediate solid casing 3350 may coiiq[)rise a 
plurality of such intermediate solid casing 3350. 

30 Each intermediate solid casing 3350 includes one more valve members 3370 

for controlling the flow of fluids and other materials within the interior region of the 
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intenncdiate casing 3350. As will be recognized by persons having ordinary skill in 
the art and the benefit of the present disclosure, during the production mode of 
operation, an internal tubular string with various arrangements of packers, perforated 
tubing, sliding sleeves, and valves may be enployed within the apparatus to provide 
5 various options for commingling and isolating subterranean zones from each other 
while providing a fluid path to the surface. 

The intermediate casing 3350 is placed into the wellbore 3305 by expanding 
the intermediate casing 3350 in ttie radial direction mto intimate contact with the 
interior walls of flie wellbore 3305. The intermediate casing 3350 may be expanded 
10 in the radial direction using any number of conventional commercially available 
methods. 

One or more of the intermediate solid casings 3350 may be omitted. One or 
more of the slotted casings 3345 are provided with one or more seals 3340. 

The shoe 3355 provides a support member for die apparatus 3330. In this 

15 manner, various production and exploration tools may be supported by the show 
3350. The shoe 3350 may comprise any number of conventional commercially 
available shoes suitable for use in a wellbore such as, for exanple, cement filled 
shoe, or an aluminum or composite shoe. The shoe 3350 comprises an aluminum 
shoe available from Halliburton. The shoe 3355 is selected to provide sufQcient 

20 strength in con:q>ression and tension to permit the use of high capacity production 
and exploration tools. 

The apparatus 3330 includes a plurality of solid casings 3335, a plurality of 
seals 3340, a plurality of slotted casings 3345, a plurality of intermediate solid 
casings 3350, and a shoe 3355. More generally, the apparatus 3330 may conq)rise 

25 one or more solid casings 3335, each wifli one or more valve members 3360, n 
slotted casings 3345, n-1 intermediate solid casings 3350, each with one or more 
valve members 3370, and a shoe 3355. 

During operation of the apparatus 3330, oil and gas may be controllably 
produced from the targeted oil sand zone 3325 using the slotted casings 3345. The 

30 oil and gas may then be transported to a surface location using the solid casing 3335. 
The use of intermediate solid casings 3350 with valve members 3370 permits 
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isolated sections of the zone 3325 to be selectively isolated for production. The 
seals 3340 permit the zone 3325 to be fluidicly isolated from the zone 3320. The 
seals 3340 further permits isolated sections of the zone 3325 to be fluidicly isolated 
from each other. In this manner, the apparatus 3330 permits unwanted and/« non- 

5 productive subterranean zones to be fluidicly isolated. 

As will be recognized by persons having ordinary skill in the art and also 
having the benefit of the present disclosure, during the production mode of 
(^>CTation, an intmial tubular string with various arrangements of packers, perforated 
tubing, sliding sleeves, and valves may be employed wifliin the apparatus to provide 

10 various options for commingling and isolating subterranean zones from each otiier 
while providing a fluid pafli to the sur&ce. 

Referring to Figures 22a, 22b, 22c and 22d, an apparatus 3500 for formmg a 
wellbore casing while drilling a wellbore will now be desoibed. Tte apparatus 
3500 includes a suppwt member 3505, a mandrel 3510, a mandrel launcher 3515, a 

15 shoe 3520, a tubular member 3525, a mud motor 3530, a drill bit 3535, a first fluid 
passage 3540, a second fluid passage 3545, a pressure chamber 3550, a tiiird fluid 
passage 3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a releasable 
coupling 3600. 

The support member 3505 is coupled to the mandrel 3510. The siqiport 
20 member 3505 preferably comprises an annular member having sufBcient strengdi to 
carry and support the apparatus 3500 within tiie wellbore 5575. The support 
member 3505 further includes one or more conventional centralizers (not illustrated) 
to help stabiUze die apparatus 3500. 

The support member 3505 may comprise one or more sections of conventional 
25 commercially available tubular materials such as, for exan^le, oilfield country 
tubular goods, low alloy steel, stainless steel or caibon steel. The support member 
3505 comprises coiled tubing or drillpipe in order to optimally peraut tiie placement 
of the apparatus 3500 within a non-vertical wellbore. 

The support member 3505 includes a first fluid passage 3540 for conveying 
30 fluidic materials fix>m a sur&ce location to the fluid passage 3545. The first fluid 
passage 3540 is adapted to convey fluidic materials such as water, drilling mud, 
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cement, epoxy or slag mix at operating pressures and flow rates ranging from about 
0 to 10,000 psi and 0 to 3,000 gallons/minute. 

The mandrel 3510 is coupled to and supported by the support member 3505. 
The mandrel 3510 is also coupled to and supports the mandrel launcher 3515 and 
5 tubular member 3525. The mandrel 3510 is preferably adapted to controllably 
expand in a radial direction. The mandrel 3510 may comprise any number of 
conventional commercially available mandrels modified in accordance with die 
teachings of the present disclosure. The mandrel 3510 comprises a hydraulic 
expansion tool as disclosed in U.S. Patent No. 5,348,095, the contents of which are 
10 incorporated herein by reference, modified in accordance with the teachings of die 
present disclosure. 

The mandrel 3510 includes one or more conical sections for expanding the 
tubular member 3525 in the radial direction. The outer surfaces of fhe conical 
sections of the mandrel 3510 have a surface hardness ranging from about 58 to 62 

15 Rockwell C in order to optimally radially expand flie tubular member 3525. 

The mandrel 3510 includes a second fluid passage 3545 fluidicly coupled to 
the first fluid passage 3540 and the pressure chamber 3550 for conveying fluidic 
materials from the first fluid passage 3540 to the pressure chamber 3550. The 
second fluid passage 3545 is adapted to convey fluidic materials such as wat^, 

20 drilling mud, cement, epoxy or slag mix at operating pressures and flow rates 
ranging from about 0 to 12,000 psi and 0 to 3,500 gallons/minute in order to 
optimally provide operating pressure for efficient operation. 

The mandrel launcher 3515 is coupled to ttie tubular member 3525, the 
mandrel 3510, and liie shoe 3520. The mandrel laundier 3515 preferably conqirises 

25 a tapered aimular member ttiat mates wifli at a portion of at least one of the conical 
portions of fhe outer surface of fbo mandrel 3510. The wall thickness of the mandrel 
laundier is less than the wall thickness of tfie tubular member 3525 in order to 
facilitate the initiation of the radial expansion process and facilitate the placement of 
the apparatus in openings having tight clearances. The wall thickness of the mandrel 

30 launcher 3515 ranges fit)m about 50 to 100 % of the wall thickness of the tubular 
member 3525 immediately adjacent to the mandrel launcher 3515 in order to 
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optimally facilitate the radial expansion process and facilitate the insertion of the 
apparatus 3500 into wellbore casings and other areas witti tight clearances. 

The mandrel launcher 3515 may be fabricated from any number of 
conventional commCTCially available materials such as, for example, oilfield country 

5 tubular goods, low alloy steel, carbon steel or stainless steel. The mandrel launcher 
3515 is fabricated from oilfield country tubular goods of higher strength by lower 
wall diickness than Ae tubular member 3525 in order to optimally provide a smaller 
container having approximately the same burst strength as the tubular member 3525. 
The shoe 3520 is coupled to the mandrel launcher 3515 and tfie releasable 

10 coupling 3600. The shoe 3520 preferably comprises a substantially annular 
member. The shoe 3520 or the releasable coupling 3600 include a third fluid 
passage 3555 fluididy coupled to the in'essure chamber 3550 and tfie mud motor 
3530. 

The shoe 3520 may conpise any number of conventional commercially 

15 available shoes such as, for example, cement filled, aluminum or composite 
modified in accordance with die teachings of die present disclosure. The shoe 3520 
conq>rises a high strength shoe having a burst strength approximately equal to the 
burst strength of the tubular member 3525 and mandrel launcher 3515. The shoe 
3520 is preferably coupled to the mud motor 3520 by a releasable coupling 3600 in 

20 order to optimally provide for removal of the mud motor 3530 and drill nit 3535 
upon the conviction of a drilling and casing operation. 

The shoe 3520 includes a releasable latch mechanism 3600 for retrieving and 
removing the mud motor 3530 and drill bit 3535 upon the completion of the drilling 
and casing formation operations. The shoe 3520 further includes an anti-rotation 

25 device for TnaintAining the shoe 3520 in a substantially stationary rotational position 
during operation of die apparatus 3500. The releasable latoh mechanism 3600 is 
releasably coupled to tfie shoe 3520. 

The tubular member 3525 is supported by and coupled to die mandrel 3510. 
The tubular member 3525 is expanded in die radial direction and extruded off of die 

30 mandrel 3510. The tubular member 3525 may be fabricated from any number of 
conventional commercially available materials such as, for exanq)le. Oilfield 
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Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, automotive 
grade steel, or plastic tubing/casing. The tubular member 3525 is fabricated from 
OCTG in order to maximize strength after expansion. The inner and outer diameters 
of the tubular member 3525 may range, for example, from approximately 0.75 to 47 
5 inches and 1.05 to 48 inches, respectively. The inner and outer diameters of the 
tubular member 3525 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping effect in fhe most 
commonly drilled wellbore sizes. The tubular member 3525 preferably conqnises 
an annular member with solid walls. 

10 The upper end portion 3580 of the tubular member 3525 is slotted, perforated, 

or otherwise modified to catdi or slow down the mandrel 3510 when the mandrel 
3510 conqiletes the extrusion of tubular member 3525. For typical tubular member 
3525 matoials, flie Iragtfa of the tubular member 3525 is preferably limited to 
between about 40 to 20,000 feet in length- The tubular member 3525 may comprise 

15 a single tubular member or, alternatively, a plurality of tubular members coupled to 
one another. 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. The 
mud motor 3530 is also flmdicly coupled to the fluid passage 3555. The mud motor 
3530 is driven by fluidic materials such as, for example, drilling mud, water, 

20 cement, epoxy, lubricants or slag mix conveyed from the fluid passage 3555 to the 
mud motor 3530. In this manner, the mud motor 3530 drives the drill bit 3535. The 
operating pressures and flow rates for (^)a:ating mud motor 3530 may range, for 
exanple, from about 0 to 12,000 psi and 0 to 10,000 gallons/minute. The operating 
pressures and flow rates for operating mud motor 3530 range fit)m about 0 to 5,000 

25 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional commercially 
available mud motors, modified in accordance with the teachings of the present 
disclosure. The size of the mud motor 3520 and drill bit 3535 are selected to pass 
through the interior of the shoe 3520 and the expanded tubular member 3525. In 

30 this manner, the mud motor 3520 and drill bit 3535 may be retrieved from the 
downhole location upon the conclusion of the drillmg and casing operations. 



The drill bit 3535 is coupled to the mud motor 3530, The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530, In this maimer, the drill 
bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any number of conventional commercially 

5 available drill bits, modified in accordance with the teachings of the present 
disclosure. The size of the mud motor 3520 and drill bit 3535 are selected to pass 
through the interior of the shoe 3520 and the expanded tubular n^ber 3525. In 
this manner, flie mud motor 3520 and drill bit 3535 may be retrieved from the 
downhole location upon ttie conclusion of die drilling and casing operations. The 

10 drill bit 3535 conpises an eccentric drill bit, a bi-centered drill bit, or a small 
diameter drill bit with an hydraulically actuated under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to the 
second fluid passage 3545, the pressure chamber 3550, the third fluid passage 3555, 
and Ae mud motor 3530. The first fluid passage 3540 is coupled to and positioned 

15 wifliin the support member 3505. The first fluid passage 3540 preferably extends 
from a position adjacent to the surface to the second fluid passa^ 3545 within flie 
mandrel 3510. The first fluid passage 3540 is preferably positioned along a 
centerline of the apparatus 3500. 

The second fluid passage 3545 permits fluidic materials to be conveyed from 

20 the first fluid passage 3540 to the pressure chamber 3550, tiie third fluid passage 
3555, and the mud motor 3530. The second fluid passage 3545 is coupled to and 
positioned witfiin the mandrel 3510. The second fluid passage 3545 preferably 
extends firom a position adjacent to the first fluid passage 3540 to the bottom of the 
mandrel 3510. The second fluid passage 3545 is preferably positioned substantially 

25 along the centerline of the apparatus 3500. 

The pressure chamber 3550 permits fluidic mat«ials to be conveyed from Ae 
second fluid passage 3545 to the fliird fluid passage 3555, and the mud motor 3530. 
The pressure chamber is preferably defined by the region below the mandrel 3510 
and within the tubular meiribcr 3525, mandrel launcher 3515, shoe 3520, and 

30 releasable coupling 3600. During operation of the apparatus 3500, pressurization of 
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the pressure chamber 3550 preferably causes the tubular member 3525 to be 
extruded off of the mandrel 35 10. 

The third fluid passage 3555 permits fluidic materials to be conveyed from the 
pressure chamber 3550 to the mud motor 3530. The third fluid passage 3555 may 
5 be coupled to and positioned within the shoe 3520 or releasable coupling 3600. The 
third fluid passage 3555 preferably extends from a position adjacent to the pressure 
chamber 3550 to die bottom of the shoe 3520 or releasable coupling 3600. The third 
fluid passage 3555 is preferably positioned substantially along the centerline of the 
apparatus 3500. 

10 The fluid passages 3540» 3545, and 3555 are preferably selected to convey 

materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally 
operational efficiency. 

The cup seal 3560 is coupled to and supported by the outer surface of the 

15 support member 3505. The cup seal 3560 prevents foreign materials from entering 
the interior region of the tubular member 3525. The cup seal 3560 may comprise 
any number of conventional commercially available cup seals such as, for example, 
TP cups or SIP cups modified in accordance with the teachings of the present 
disclosure. The cup seal 3560 comprises a SIP ciq>, available from Halliburton 

20 Clergy Services in Dallas, TX in order to optimally block the entry of foreign 
materials and contain a body of lubricant The apparatus 3500 includes a plurality 
of such cup seals in order to optimally prevent flie entry of foreign material into the 
interior region of flie tubular member 3525 in the vicinity of the nmndrel 351 0. 

A quantity of lubricant 3565 is provided in the annular region above the 

25 mandrel 3510 vnibin Ibe interior of tiie tubular member 3525. In this manner, flie 
extrusion of ttie tubular meniber 3525 off of die mandrel 3510 is fitdlitated. The 
lubricant 3565 may conqnise any number of conventional commercially available 
lubricants such as, for exanq^le, Lubriplate, chlorine based lubricants, oil based 
lubricants or Climax 1500 Antisieze (3100). The lubricant 3565 comprises Climax 

30 1500 Antisieze (3100) available from Climax Lubricants and Equipment Co. in 
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Houston, TX in order to optimally provide optimum lubrication to facilitate fhe 
expansion process. 

The seals 3S70 are coupled to and supported by the end portion 3S80 of the 
tubular member 3525. The seals 3570 are further positioned on an outer surface of 
5 the end portion 3580 of the tubular member 3525. The seals 3570 permit the 
overlapping joint between tiie lower end portion 3585 of a preexisting section of 
casing 3590 and the end portion 3580 of the tubular member 3525 to be fluidicly 
sealed. The seals 3570 may conqnise any number of conventional commercially 
available seals such as» for exanq)le, lead, rubber. Teflon, or epoxy seals modified in 

10 accordance with the teachings of the present disclosure. The seals 3570 are molded 
from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in 
order to q>timally provide a load bearing interference fit between the end 3580 of 
the tubular member 3525 and the end 3585 of tiie pre-existing casing 3S90. 

The seals 3570 are selected to optimally provide a sufficient fiictional force to 

15 siqiport the expanded tubular member 3525 from the pre-existing casing 3590. The 
fiictional force optimally provided by the seals 3570 ranges &om about 1,000 to 
1,000,000 Ibf in order to optimally support the expanded tubular member 3525. 

The releasable coiq}ling 3600 is preferably releasably coupled to the bottom of 
the shoe 3520. The releasable coupling 3600 includes fluidic seals for sealing the 

20 interface between the releasable coupling 3600 and the shoe 3520. In tiiis manner, 
the pressure chamber 3550 may be pressurized. The releasable coupling 3600 may 
conqnise any number of conventional commercially available releasable couplings 
suitable for drilling operations modified in accordance with the teachings of the 
present disclosure. 

25 As illustrated in Figure 22A, during operation of the apparatus 3500, tiie 

apparatus 3500 is preferably initially positioned within a preexisting section of a 
wellbcnre 3575 including a preexisting section of wellbore casing 3590. The upper 
end portion 3580 of tiie tubular member 3525 is positioned in an overlq^ing 
relationship with the lower end 3585 of the preexisting section of casing 3590. The 

30 apparatus 3500 is initially positioned in the wellbore 3575 with die drill bit 353 in 
contact with the bottom of the wellbcm 3575. During the initial placement of Ae 
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apparatus 3500 in the wellbore 3575, the tubular member 3525 is preferably 
su|iported by the mandrel 35 1 0. 

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into the 
fh^ fluid passage 3540. The fluidic material 3595 is preferably conveyed from the 
5 first fluid passage 3540 to the second fluid passage 3545, the pressure chamber 
3550, die third fluid passage 3555 and flie inlet to the mud motor 3530. The fluidic 
material 3595 may comprise any number of convoitional commercially available 
fluidic materials such as, for exanq)le, drilling mud, water, cement, epoxy or slag 
mix. The fluidic material 3595 may be pumped into flie first fluid passage 3540 at 

10 operating pressures and flow rates ranging, for exanq)le, fixnn about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The fluidic material 3595 will enter the inlet for the mud motor 3530 and drive 
flie mud motor 3530. The fluidic material 3595 will then exit the mud motor 3530 
and enter the annular region surrounding the apparatus 3500 within the wellbore 

15 3575. The mud motor 3530 will in turn drive the drill bit 3535. The operation of 
the drill bit 3535 will drill out a new section of the wellbore 3575. 

In the case where the fluidic material 3595 comprises a hardenable fluidic 
material, the fluidic material 3595 preferably is permitted to cure and form an outer 
aimular body surrounding the periphery of the expanded tubular member 3525. 

20 Alternatively, in the case where the fluidic material 3595 is a non-hardenable fluidic 
mat^al, the tubular member 3595 preferably is expanded into intimate contact with 
flie interim walls of Ae wellbore 3575. In fliis manner, an outer annular body is not 
provided in all applications. 

As illustrated in Figure 22C, at some point during operation of flie mud motor 

25 3530 and drill bit 3535, the pressure drop across the nmd motor 3530 will create 
sufficient back pressure to caiise the operating pressure within the pressure chamber 
3550 to elevate to the pressure necessary to extrude the tubular member 3525 off of 
the mandrel 3510. The elevation of the operating pressure witfiin the pr^ure 
chamber 3550 will flien cause the tubular member 3525 to extrude off of the 

30 mandrel 3510 as illustrated in Figure 22D. For typical tubular members 3525, the 
necessary operating pressure may range, for example, from about 1 ,000 to 9,000 psi. 
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In this manner, a wellbore casing is formed simultaneous with the drilling out of a 
new section of wellbore. 

During the operation of the apparatus 3S00, the apparatus 3500 is lowered into 
the wellbore 3575 until the drill bit 3535 is proximate the bottom of the wellbore 
5 3575. Throughout this process, the tubular member 3525 is preferably supported by 
the mandrel 3510. The apparatus 3500 is then lowered until the drill bit 3535 is 
placed in contact with the bottom of the wellbore 3575. At this point, at least a 
portion of the weight of the tubular member 3525 is supported by the drill bit 3535. 
The fluidic material 3595 is then pumped into the first fluid passage 3540, 

10 second fluid passage 3545, pressure chamber 3550, third fluid passage 3SSS, and the 
inlet of the mud motor 3530. The mud motor 3530 then drives the drill bit 3535 to 
drill out a new section of &e wellbore 3575. Once the difiTerential pressure across 
the mud motor 3530 exceeds the minimum extrusion pressure for the tubular 
member 3525, the tubular member 3525 begins to extmde off of the mandrel 3510. 

15 As fte tubular member 3525 is extruded off of the mandrel 3S10, the wei^t of the 
extruded portion of the tubular membo- 3525 is transferred to and siq)ported by the 
drill bit 3535. The pumping pressure of the fluidic material 3595 is maintained 
substantially constant throughout this process. At some point during the process of 
extruding the tubular member 3525 off of the mandrel 3510, a sufficient portion of 

20 the weight of the tubular member 3525 is transferred to the drill bit 3535 to stop the 
extrusion process due to the opposing force. Continued drilling by the drill bit 3535 
eventually transfers a sufficient portion of the weight of the extruded portion of the 
tubular member 3525 back to the mandrel 3510. At this point, the extrusion of the 
tubular member 3525 off of the mandrel 3510 continues. In this manner, the support 

25 member 3505 never has to be moved and no drillpipe connections have to be made 
at the sur&ce since the new section of the wellbore casing within the newly drilled 
section of wellbore is created by the constant downward feeding of tiie expanded 
tubular member 3525 off of the mandrel 3510. 

Once tiie new section of wellbore diat is lined with the fully expanded tubular 

30 member 3525 is completed. Hie suf^rt member 3505 and mandrel 3510 are 
removed fit>m the wellbore 3575. The drilling assembly including the mud motor 

• • • • • • • 



3530 and drill bit 3535 are then preferably removed by lowering a drillstring into the 
new section of wellbore casing and retrieving the drilling assembly by using the 
latch 3600. The expanded tubular member 3525 is then cemented using 
conventional squeeze cementing methods to provide a solid annular sealing member 
5 arcund the periphery of ttie expanded tubular member 3525. 

Alternatively, flie aiq>aratus 3500 may be used to repair or form an 
underground pipeline or forai a support member for a structure. The teachings of 
the apparatus 3500 are combined with the teadiings of Figures 1-21. For exanq)le, 
by operably coiQ)ling the mud motor 3530 and drill bit 3535 to the pressure 

10 chambers used to cause the radial expansion of the tubular members of the 
embodiments illustrated and desoibed with reference to Figures 1-21, the use of 
plugs may be eliminated and radial expansion of tubular members can be combined 
with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23 A, 23B and 23Q an apparatus 3700 for expanding a 

15 tubular member will be described. The apparatus 3700 includes a siq)port member 
3705, a packer 3710, a first fluid conduit 3715, an annular fluid passage 3720, fluid 
inlets 3725, an annular seal 3730, a second fluid conduit 3735, a fluid passage 3740, 
a mandrel 3745, a mandrel launcher 3750, a tubular member 3755, slips 3760, and 
seals 3765. The apparatus 3700 is used to radially expand the tubular member 3755. 

20 In this manner, the apparatus 3700 may be used to form a wellbcMre casing, line a 
wellbore casing, form a pipeline, line a pipeline, form a structural s\Q)port member, 
or repair a wellbore casing, pipeline or structural siqjport menober. The aiq>aratus 
3700 is used to clad at least a portion of the tubular membo^ 3755 onto a preexisting 
tubular member. 

25 The support member 3705 is preferably coiq>led to the packer 3710 and the 

mandrel launcher 3750. The support meniber 3705 pref^ably comprises a tubular 
member fabricated from any nuihber of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, or stainless steel. The^^upport member 3705 is preferably selected to 

30 fit through a preexisting section of wellbore casing 3770. In this manner, the 
apparatus 3700 may be positioned within the wellbore casing 3770. The support 




member 370S is releasably coupled to the mandrel launcher 37S0. In tiiis manner, 
the support member 3705 may be decoiq>led from ttie. mandrel launcher 37S0 upon 
the completion of an extrusion operation. 

The packer 3710 is coupled to the support member 3705 and the first fluid 
5 conduit 3715. The packer 3710 preferably provides a fluid seal between the outside 
surface of the first fluid conduit 3715 and the inside surface of the support member 
3705. In this manner, the packer 3710 preferably seals off and, in combination with 
the support member 3705, first fluid conduit 3715, second fluid conduit 3735, and 
mandrel 3745, defines an annular chamber 3775. The packer 3710 may con^se 

10 any number of conventional commercially available packers modified in accordance 
with the teachings of the present disclosure. 

The first fluid conduit 3715 is coupled to the packer 3710 and the annular seal 
3730. The first fluid conduit 3715 preferably comprises an annular member 
fabricated from any number of conventional commercially available materials such 

15 as, for exanq>le, oilfield country tubular goods, low alloy steel, carbon steel, or 
stainless steel. The first fluid conduit 3715 includes one or more fluid inlets 3725 
for conveying fluidic materials from At annular fluid passage 3720 into the chamber 
3775. 

The annular fluid passage 3720 is defined by and positioned between the 
20 interior surface of the first fluid conduit 3715 and the interior surface of the second 
fluid conduit 3735. The annular fluid passage 3720 is preferably adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. 
25 The fluid inlets 3725 are positioned in an end portion of die first fluid conduit 

3715. The fluid inlets 3725 preferably are adapted to convey fluidic materials such 
as cement^ water, epoxy, lubricants, and slag mix at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 
30 The annular seal 3730 is coupled to tiie first fluid conduit 3715 and the second 

fluid conduit 3735. The annular seal 3730 preferably provides a fluid seal between 
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the interior surface of the first fluid conduit 3715 and the exterior surfece of the 
second fluid conduit 3735. The annular seal 3730 preferably provides a fluid seal 
between the interior surface of the first fluid conduit 371 5 and the exterior surface of 
the second fluid conduit 3735 during relative axial nK>tion of the first fluid conduit 
3715 and the second fluid conduit 3735. The annular seal 3730 may concise any 
number of conventional commercially available seals such as, for example, o-rings, 
polypak seals or metal spring energized seals. The annular seal 3730 comprises a 
polypak seal available from Parker Seals in order to c^timally provide sealing for 
axial motion. 

The second fluid conduit 3735 is coupled to the aimular seal 3730 and tiie 
nsandrel 3745. The second fluid conduit preferably conq>rises a tubular member 
fabricated from any number of conventional commercially available materials such 
as, for example, coiled tubing, oilfield country tubular goods, low alloy steel, 
stainless steel, or low carbon steel. The second fluid conduit 3735 is adapted to 
convey fluidic materials such as cement, water, epoxy, lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. 

The fluid passage 3740 is coupled to the second fluid conduit 3735 and the 
mandrel 3745. The fluid passage 3740 is adapted to convey fluidic materials such as 
cement, water, epoxy, lubricants, and slag mix at operating pressures and flow rates 
ranging fix)m about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and Ibe mandrel 
launcher 3750. The mandrel 3745 preferably con^se an annular member having a 
conic section febricated firom any number of conventional commercially available 
materials such as, for example, carbon steel, tool steel, ceramics, or composite 
materials. The angle of attack the conic section of the mandrel 3745 ranges from 
about 10 to 30 degrees in order to optimally expand the mandrel launcher 3750 and 
tubular member 3755 in the radial direction. The surface hardness of the conic 
section of the mandrel 3745 ranges from about 50 Rockwell C to 70 Rockwell C. 
The surface hardness of the outer surface of the conic section of the mandrel 3745 



ranges firom about 58 Rockwell C to 62 Rockwell C in order to optinially provide 
high yield strengdL The mandrel 3745 is expandable in order to fiirther optimally 
augment the radial expansion process. 

The mandrel launcher 3750 is coupled to the support member 3705, the 
5 mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 preferably 
con^rise a tubular member having a variable cross-section and a reduced wall 
thickness in order to facilitate the radial expansion process. The ooss-sectional area 
of the mandrel launcher 3750 at one end is adapted to mate with the mandrel 3745, 
and at the other end, the mss-sectional area of die mandrel launcher 3750 is 
10 adapted to match the cross-sectional area of the tubular member 3755. The wall 
thickness of the mandrel launcher 3750 ranges from about 50 to 100 % of Uttc wall 
thickness of Ae tubular member 3755 in order to facilitate the initiation of the radial 
expansion process. 

The mandrel launcher 3750 may be fiibricated from any number of 

15 conventional corrmiercially available materials such as, for exanq)lei oilfield country 
tubular goods, low allow steel, stainless steel, or carbon steel. The mandrel launcher 
3750 is fabricated from oilfield country tubular goods haying higher strengtti but 
lower wall thickness than the tubular member 3755 in order to optimally match the 
burst strength of flie tubular member 3755. The mandrel launcher 3750 is 

20 removably coupled to the tubular member 3755. In this manner, the mandrel 
launcher 3750 may be renx)ved from the wellbore 3780 upon the con:q>letion of an 
extrusion operation. 

The tubular member 3755 is coupled to the mandrel launcher, the slips 3760 
and the seals 3765. The tubular member 3755 preferably conq>rises a tubular 

25 member fabricated from any nund>er of conventional commercially available 
materials such as, for example, low alloy steel, caibon steel, stainless steel, or 
oilfield country tubular goods. The tubular member 3755 is &bricated from oilfield 
country tubular goods. 

The slips 3760 are coiq>led to the outside surftce of the tubular member 3755. 

30 The slips 3760 preferably are ad^ted to couple to die interior walls of a casing, 
pipeline or other structure iqx>n the radial expansion of the tubular member 3755. In 
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this manner, the slips 3760 provide structural support for the expanded tubular 
member 3755. The slips 3760 may comprise any number of conventional 
commercially available slips, modified in accordance with the teachings of the 
present disclosure, 

5 The seals 376S are coupled to the outside surface of the tubular member 3755. 

The seals 3765 preferably provide a fiuidic seal between the outside surface of the 
expanded tubular meniber 3755 and the interior walls of a casing, pipeline or ottier 
structure upon the radial expansion of the tubular member 3755. In this manner, the 
seals 3765 provide a fiuidic seal for the expanded tubular member 3755. The seals 

10 3765 may contuse any number of conventional commercially available seals such 
as, for exan:q)le, lea4 rubber, Teflon or epoxy seals modified in accordance wifli the 
teachings of the present disclosure. The seals 3765 comprise seals molded &om 
Stratalock epoxy available fit>m Halliburton Energy Services in Dallas, TX in order 
to optimally provide a hydraulic seal in the overlapping joint and optimally provide 

15 load canying capacity to withstand &e range of typical tensile and compressive 
loads. 

During operation of the apparatus 3700, the apparatus 3700 is preferably 
lowered into a wellbore 3780 having a preexisting section of wellbore casing 3770. 
The £q>paratus 3700 is positioned wift at least a portion of the tubular member 3755 

20 overiapping with a portion of the wellbore casing 3770. In this manner, the radial 
expansion of the tubular member 3755 will preferably cause the outside surface of 
the expanded tubular member 3755 to couple with fhe inside surface of the wellbore 
casing 3770. The radial expansion of the tubular member 3755 will also cause the 
slips 3760 and seals 3765 to engage witfi the interior surface of the wellbore casing 

25 3770. In tiiis manner, the expanded tubular member 3755 is provided witfi enhanced 
structural support by the slips 3760 and an enhanced fluid seal by the seals 3765. 

As illustrated in FIG. 23B» after placement of the apparatus 3700 in an 
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 is 
preferably punq>ed into the chamber 3775 using the fluid passage 3720 and the inlet 

30 passages 3725. The fluidic material is pumped into the chamber 3775 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
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gallons/minute in order to optimally provide operational efficiency. The pumped 
fluidic material 3785 increase the operating pressure within the chamber 377S. The 
increased operating pressure in the chamber 377S then causes the mandrel 3745 to 
extrude the mandrel launcher 3750 and tubular member 3755 off of the face of the 

5 mandrel 3745. The extrusion of the mandrel launcher 3750 and tubular member 
3755 off of the face of the mandrel 3745 causes the mandrel laimcher 3750 and 
tubular membw^ 3755 to expand in the radial direction. Continued pumping of the 
fluidic material 3785 preferably causes the entire length of the tubular member 3755 
to expand in the radial direction. 

10 The pumping rate and pressure of the fluidic material 3785 is reduced during 

tfie latter stages of the extnision process in order to minimize shock to tfie apparatus 
3700. The apparatus 3700 includes shock absorbers for absorbing the shock caused 
by the completion of the extrusion process. 

The extrusion process causes the mandrel 3745 to move in an axial direction 

IS 3785. During the axial movement of the mandrel, The fluid passage 3740 conv^ 
fluidic material 3790 displaced by ttie moving mandrel 3745 out of the wellbore 
3780. In this matuier, the operational efficiency and speed of the extrusion process 
is enhanced. 

The extrusion process includes the injection of a hardenable fluidic material 
20 into the annular region between the tubular member 3755 and the bore hole 3780. In 
this manner, a hardened sealing layer is provided between the expanded tubular 
member 3755 and the interior walls of the wellbore 3780. 

As illustrated in FIG. 23C, upon the conq^letion of the extrusion process, the 
svppott meniber 3705, packer 3710, first fluid conduit 3715, annular seal 3730, 
25 second fluid conduit 3735, mandrel 3745, and mandrel launcher 3750 are moved 
from tiie wellbore 3780. 

The apparatus 3700 is used to repair a preexisting wellbore casing, pq>eline, or 
structural support. Both ends of the tubular member 3755 preferably include slips 
3760 and seals 3765. 

30 The qiparatus 3700 is used to form a tubular structural support for a building 

or ofi&hore structure. 
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Referring now to FIGS. 24A, 24B, 24C, 24D, and 24E, an apparatus 3900 for 
expanding a tubular member will be described. The apparatus 3900 includes a 
support member 3905, a mandrel launcher 3910, a mandrel 3915, a first fluid 
passage 3920, a tubular member 3925, slips 3930, seals 3935, a shoe 3940, and a 
5 second fluid passage 3945. The apparatus 3900 is used to radially expand the 
mandrel launcher 3910 and tubular member 3925. In this manner, ttie apparatus 
3900 may be used to form a wellbore casing, line a wellbore casing, form a pipeline, 
line a pipeline, form a structural support member, or repair a wellbore casing, 
pipeline or structural support member. The apparatus 3900 is used to clad at least a 

10 pcHlion of the tubular member 3925 onto a preexisting structural member. 

The support member 3905 is prefi^ly coupled to the mandrel launcher 3910. 
The support meniber 3905 preferably comprises a tubular member fiibricated from 
any number of conventional commercially available materials such as, for exan:q}le, 
oilfield country tubular goods, low alloy steel, carbon steel, or stainless steel. The 

15 support member 3905, the mandrel launcher 3910, the tubular member 3925, and the 
shoe 3940 are preferably selected to fit through a preexisting section of wellbore 
casing 3950. In this manner, the apparatus 3900 may be positioned within the 
wellbore casing 3970. The support member 3905 is releasably coupled to tiie 
mandrel launch^ 3910. In this manner, the siqiport member 3905 may be 

20 decoupled from the mandrel launcher 3910 upon the conq>letion of an extrusion 
operation. 

The mandrel launch^ 3910 is coupled to die siq>port member 3905 and the 
tubular member 3925. The mandrel launcher 3910 preferably cotnprise a tubular 
mernb^ having a variable aross-section and a reduced wall thickness in order to 

25 fiicilitate fte radial expansion process. The cross-sectional area of the mandrel 
launcher 3910 at one end is adapted to mate with the mandrel 3915, and at the other 
end, the cross-sectional area of the mandrel launcher 3910 is adapted to match the 
cross-sectional area of the tubular member 3925. The wall thickness of the mandrel 
launcher 3910 ranges from about 50 to 100 % of the wall thickness of the tubular 

30 member 3925 in order to facilitate the initiation of tfie radial expansion process. 
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The mandrel launcher 3910 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low allow steel, stainless steel, or carbon steel. The niandrel launcher 
3910 is fabricated from oilfield country tubular goods having higher strength but 
5 lower wall thickness than the tubular member 3925 in order to optimally match the 
burst strength of the tubular member 3925. The mandrel launcher 3910 is 
removably coupled to the tubular member 3925. In this manner, the mandrel 
laundier 3910 may be removed from the wellbore 3960 upon the completion of an 
extrusion operation. 

10 The mandrel 3915 is coiq)led to the mandrel launcher 3910. The mandrel 3915 

preferably conq3rise an annular mend>er having a conic section fabricated from any 
number of conventional conmiercially available materials such as, for exanq>Ie, tool 
steel, carbon steeU ceramics, or conr^site materials. The angle of attack of the 
conic section of the mandrel 3915 ranges from about 10 to 30 degrees in order to 

15 optimally expand the mandrel launcher 3910 and tte tubular member 3925 in tiie 
radial direction. The surface hardness of the conic section of die mandrel 3915 
ranges from about 58 to 62 Rockwell C in order to optimally provide high strengOi 
and resist wear and galling. The mandrel 3915 is expandable in ord^ to further 
optimally augment the radial expansion process. 

20 The fluid passage 3920 is positioned within the mandrel 3915. The fluid 

passage 3920 is preferably adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally 
provide operational efiRciency. The fluid passage 3920 preferably includes an inlet 

25 3965 adapted to receive a plug, or otfao* similar device. In this manner, the interim 
chamber 3970 above the mandrel 3915 may be fluidicly isolated from the interior 
chamber 3975 below the mandrel 39 1 5. 

The tubular member 3925 is coupled to the mandrel launcher 3910, the slips 
3930 and the seals 3935. The tubular member 3925 preferably conqirises a tubular 

30 member fabricated from any number of conventional commercially available 
materials such as, for exanple, low alloy steel, carbon steel, stainless steel, or 
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oilfield country tubular goods. The tubular member 3925 is fabricated from oilfield 
country tubular goods. 

The slips 3930 are coiq>led to the outside surface of the tubular member 3925. 
The slips 3930 preferably are adapted to couple to the interior walls of a casing, 
pipeline or ottier structure upon the radial expansion of Uie tubular member 3925. In 
this manner, the slips 3930 provide structural support for the expanded tubular 
member 3925. The slips 3930 may comprise any number of conventional 
commercially available slips, modified in accordance with die teachings of the 
present disclosure. 

The seals 3935 are coupled to the outside surface of the tubular member 3925. 
The seals 3935 preferably provide a fluidic seal between the outside surface of tfie 
expanded tubular member 3925 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 3925, In this manner, the 
seals 3935 provide a fluidic seal for the expanded tubular membw 3925. The seals 
3935 may comprise any number of conventional commercially available seals such 
as, for example, lead, rubber or epoxy. The seals 3935 conqmse Stratalok epoxy 
material available from Halliburton Energy Services in order to optimally provide 
structural support for the typical tensile and conqiressive loads. 

The shoe 3940 is coupled to the tubular member 3925. The shoe 3940 
preferably comprises a substantially tubular mend)er having a fluid passage 3945 for 
conveying fluidic materials fix>m the chamber 3975 to die annular region 3970 
outside of the apparatus 3900. The sihoe 3940 may conqirise any number of 
conventional commercially available shoes modified in accordance with (he 
teachings of the present disclosure. 

During operation of the apparatus 3900, the apparatus 3900 is preferably 
lowered into a wellbore 3960 having a preexisting section of wellbore casing 3975. 
The apparatus 3900 is positioned with at least a portion of the tubular meniber 3925 
overljqjping with a portion of the wellbore casing 3975. In this manner, the radial 
expansion of the tubular member 3925 will preferably cause the outside surface of 
the expanded tubular member 3925 to coi?>le with the inside surface of the wellbore 
casing 3975. The radial expansion of the tubular member 3925 will also cause die 



slips 3930 and seals 393S to engage witii the interior sur&ce of the wellbore casing 
3975. In this manner, the expanded tubular member 3925 is provided with enhanced 
structural support by the slips 3930 and an enhanced fluid seal by the seals 3935. 
As illustrated in FIG. 24B, after placement of the apparatus 3900 in an 
5 overlapping relationship with the wellbore casing 3975, a fluidic material 3980 is 
preferably pumped into the chamber 3970. The fluidic material 3980 then passes 
through tiie fluid passage 3920 into the chamber 3975. The fluidic material 3980 
then passes out of the chamber 3975, through the fluid passage 3945, and into the 
annular region 3970. The fluidic material 3980 is pumped into the chamber 3970 at 

10 operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to q)timally provide operational efficiracy. The fluidic 
material 3980 con^ses a haidenable fluidic sealing material in ordCT to form a 
hardened outer annular member around die expanded tubular meniber 3925. 

As illustrated in FIG. 24C, at some later point in fte process, a ball 3985, plug 

15 or other similar device, is introduced into the punq)ed fluidic material 3980. The 
ball 3985 mates with and seals off the inlet 3965 of ttie fluid passage 3920. In this 
manner, the chamber 3970 is fluidicly isolated from the chamber 3975. 

As illustrated in FIG. 24D, after placement of the ball 3985 in the inlet 3965 of 
the fluid passage 3920, a fluidic material 3990 is pimiped into the chamber 3970. 

20 The fluidic material is preferably punq>ed into the chamber 3970 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to provide optimal operating efficiency. The fluidic material 
3990 may comprise any number of conventional commercially available materials 
such as, for example, water, drilling mud, cement, epoxy, or slag mix. The fluidic 

25 material 3990 comprises a non-hardenable fluidic material in order to maximize 
operational efficiency. 

Continued pumping of the fluidic material 3990 increases fluidic material 3980 
increases the operating pressure within the chamber 3970. The increased operating 
pressure in the chamber 3970 then causes the mandrel 3915 to extrude the mandrel 

30 launcher 3910 and tubular member 3925 off of the conical face of the mandrel 3915. 
The extrusion of flie mandrel launcher 3910 and tubular member 3925 off of the 
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conical face of the mandrel 391 S causes the mandrel launcher 3910 and tubular 
member 3925 to expand in the radial direction. Continued pumping of the fluidic 
material 3990 pref^mbly causes the entire length of flie tubular member 3925 to 
expand in the radial direction. 
5 The punning rate and pressure of tihe fluidic material 3990 is reduced during 

tiie latta* stages of the extrusion process in order to minimize shock to Ae apparatus 
3900. The apparatus 3900 includes shock absorbers for absorbing the shock caused 
by the completion of the extrusion process. The ratnision process causes the 
mandrel 39 1 5 to move in an axial direction 3995. 

10 As illustrated in FIG. 24E, upon the conviction of the extrusion process, the 

support member 3905, packer 3910, first fluid conduit 3915, annular seal 3930, 
second fluid conduit 3935, mandrel 3945, and mandrel launcher 3950 are removed 
from the wellbore 3980. The resulting new section of wellbore casing includes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 

15 3930, the seals 3935, the shoe 3940, and an outer annular layer 4000 of hardened 
fluidic material 

The apparatus 3900 is used to repair a preexisting wellbore casing or pipeline. 
Both ends of flie tubular member 3955 preferably include slips 3960 and seals 3965. 
The apparatus 3900 is used to form a tubular structural support for a building 
20 or ofishore structure. 

Referring to FIGS. 25 and 26, the optimal relationship between flie an^e of 
attack of an expansion mandrel and the minimally required propagation pressure 
during the expansion of a tubular member will now be described. As illustrated in 
FIG. 25, during the radial expansion of a tubular member 4100 by an expansion 
25 mandrel 4105, the expansion mandrel 4105 is displaced in the axial direction. The 
angle of attack ** of the conical surface 41 10 of the expansion mandrel 4105 directly 
afTects the required propagation pressure PpR necessary to radially expand the 
tubular member 4100. Refenring to FIG, 26, for typical grades of materials and 
typical geometries, the propagation pressure PpR is minimized for an angle of attack 
30 of approximately 25 degrees. Furthermore, the optimal range of the angle of attack " 
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ranges from about 10 to 30 degrees in order to minimize the range of required 
minimum propagation pressure PpR. 

Referring to FIG. 27, an expandable threaded coimection 4300 will now be 
described. The expandable threaded connection 4300 preferably includes a first 
5 tubular member 4305, a second tubular member 4310, a threaded connection 4315, 
an 0-ring groove 4320, and an 0-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an outside 
wall 4335. The first tubular member 4305 preferably comprises an annular member 
having a substantially constant wall thickness. The second tubular member 43 10 
10 includes an inside wall 4340 and an outside wall 4345. The second tubular member 
4310 preferably coniprises an annular member having a substantially constant wall 
thickness. 

The first and second tubular members, 4305 and 4310, may comprise any 
number of conventional commercially available menibers. The inside and outside 

1 5 diameters of the first and second tubular members, 4305 and 43 1 0, are substantially 
equal. In this manner, the burst strengtti of the tubular members, 4305 and 43 1 0, are 
substantially equal. This minimizes the possibility of a catastrophic failure during 
the radial expansion process. 

The threaded connection 4315 may coiiq>rise any number of conventional 

20 threaded connections suitable for use with tubular members. The threaded 
connecticfn 4315 comprises a pin-and-box threaded connection. In this manner, the 
assembly of the first tubular member 4305 to the second tubular member 4310 is 
optimized. 

The 0-ring groove 4320 is preferably provided in the threaded portion of the 
25 interior wall 4340 of the second tubular member 4310. The 0-ring groove 4320 is 
preferably adapted to receive and support one or nx>re 0-rings. The volumetric size 
of tiie 0*ring groove 4320 is preferably selected to pmnit die 0-ring 4325 to expand 
at least approximately 20% in the axial direction during the radial expansion 
process. In this manner, deformation of tiie outer surfisux^ 4345 of the second tubular 
30 member 4310 during and upon the conq)letion of tiie radial expansion process is 
minimized. 
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The O-ring 4325 is supported by the 0-ring groove 4320. The 0-ring 4325 
optimally ensures that a fluid-tight seal is maintained between the first tubular 
member 4305 and the second tubular member 4310 throughout and upon the 
completion of the radial expansion process. 
5 Referring to FIG. 28, an expandable threaded connection 4500 will now be 

described. The expandable threaded connection 4500 includes a first tubular 
member 4505, a second tubular member 4510, a threaded connection 4515, an O- 
ring groove 4520, and an 0-ring 4525. 

The first tubular member 4505 includes an inside wall 4530 and an outside 
10 wall 4535. The first tubular member 4305 preferably conqirises an annular member 
having a substantially constant wall thickness. The second tubular member 4510 
includes an inside wall 4540 and an outside wall 4545. The second tubular member 
4510 preferably comprises an annular member having a substantially constant wall 
thickness. 

15 The first and second tubular members^ 4505 and 4510, may comprise any 

number of conventional commercially available members. The inside and outside 
diameters of the first and second tubular members, 4505 and 4510, are substantially 
equal. In this manner, the burst strength of the tubular members^ 4505 and 4510, are 
substantially equal. This minimizes the possibility of a catastrophic failure during 

20 the radial expansion process. 

The threaded connection 4515 may conpise any numb^ of convmtional 
threaded connections suitable for use wifli tubular members. The threaded 
connection 4515 comprises a pin-and-box threaded connection. In this manner, the 
assembly of the first tubular member 4505 to the second tubular member 4510 is 

25 optimized. 

The O-ring groove 4520 is preferably provided in the threaded portion of the 
interior wall 4540 of the second tubular member 4510 immediately adjacent to an 
end portion of the threaded connection 4515. In this manner, the sealing effect 
provided by the O-ring 4525 is optimized. The O-ring groove 4520 is preferably 
30 adapted to receive and support one or more 0-rings. The volumetric size of the O- 
ring groove 4520 is preferably selected to permit the O-ring 4525 to expand at least 
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approximately 20% in axial direction during the radial expansion process. In 
this numner, deformatim of tfie outer surface 4S4S of the second tubular member 
451 0 during and upon the conq>letion of the radial expansion process is minimized. 

The O-ring 4525 is supported by the 0-ring groove 4520. The O-ring 4525 
5 optimally ensures that a fluid-tigiht seal is maintained between the fu^t tubular 
member 4505 and the second tubular member 4510 throughout and upon the 
completion of the radial expansion process. 

Referring to FIG. 29, an expandable threaded connection 4700 will now be 
described. The expandable threaded connection 4700 includes a first tubular 
10 member 4705, a second tubular member 4710, a threaded connection 4715, an O- 
ring groove 4720, a first 0*ring 4725, and a second O-ring 4730. 

The first tubular meniber 4705 includes an inside wall 4735 and an outside 
wall 4740. The first tubular member 4705 preferably conq>rises an annular member 
having a substantially constant wall thickness. The second tubular member 47 1 0 
15 includes an inside wall 4745 and an outside wall 4750. The second tubular meniber 
4710 preferably conqirises an annular member having a substantially constant wall 
thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional comm^ially available members. The inside and outside 

20 diameters of the first and second tubular members, 4705 and 4710, are substantially 
equal. In this manner, Ae burst strength of the tubular members, 4705 and 4710» are 
substantially equal. This minimizes the possibility of a catastrophic failure during 
the radial expansion process. 

The threaded connection 4715 may comprise any niunber of conventional 

25 threaded connections suitable for use with tubular members. The threaded 
connection 4715 conqnises a pin-and-box threaded connection. In tiiis mann^, the 
assembly of the first tubular member 4705 to the second tubular member 4710 is 
optimized. 

The O-ring groove 4720 is preferably provided in the threaded portion of the 
30 interior wall 4745 of the second tubular member 4710 immediately adjacent to an 
end portion of the threaded connection 4715. In this manner, the sealing effect 



provided by the O-rings, 4725 and 4730, is optimized. The O-ring groove 4720 is 
preferably adapted to receive and support a plurality of O-rings. The volumetric size 
of the 0*ring groove 4720 is preferably selected to permit the O-rings, 4725 and 
4730, to expand at least approidxnaicly 20% in the axial direction during the radial 
5 expansion irocess. In this manner, deformation of the outer sur&ce 4750 of tfie 
second tubular member 4710 during and upon the conq>letion of the radial 
expansion jnoc^s is minimized. 

The O-rings, 4725 and 4730, are supported by the O-ring groove 4720. The 
pair of O-rin^, 4725 and 4730, optimally ensure that a fluid-tight seal is maintained 

10 between the first tubular memb^ 4705 and the second tubular memb^ 4710 
throughout and upon tfie completion of die radial expansion process, hi particular, 
the use of a pair of adjacent O-rings provides redundancy in the seal between the 
first tubular member 4705 and the second tubular member 4710. 

Referring to FIG. 30, an expandable threaded connection 4900 will now be 

15 described. The expandable threaded connection 4900 includes a ffrst tubular 
member 4905, a second tubular member 4910, a threaded connection 4915, a first O- 
ring groove 4920, a second O-ring grove 4925, a first O-ring 4930, and a second O- 
ring4935. 

The first tubular member 4905 includes an inside wall 4940 and an outside 
20 wall 4945. The first tubular member 4905 preferably con^ses an annular number 
having a substantially constant wall thickness. The second tubular meniber 4910 
includes an inside wall 4950 and an outside wall 4955. The second tubular member 
4910 preferably conqsrises an annular meniber having a substantially constant wall 
thickness. 

25 The first and second tubular members, 4905 and 4910, may conqirise any 

number of conventional commercially available tubular monbers. The inside and 
outside diameters of the first and second tubular members, 4905 and 4910, are 
substantially equal. In this manner, the burst strength of the tubular members, 4905 
and 4910, are substantially equal. This minimizes the possibility of a catastrophic 

30 failure during the radial expansion process. 
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The threaded connection 4915 may con^rise any nuniber of conventional 
direaded connections suitable for use with tubular members. The threaded 
connection 4915 comprises a pin-and-box threaded connection. In this manner^ the 
assembly of the first tubular meniber 4905 to the second tubular member 4910 is 
5 optimized. 

The first 0-ring groove 4920 is preferably provided in the threaded portion of 
the interior wall 4950 of the second tubular member 4910 that is separated from an 
end portion of the threaded connection 4915. In this manner, the sealing effect 
provided by the O-rings, 4930 and 4935, is optimized. The first O-ring groove 

1 0 4920 is preferably adapted to receive and support one more Orings. The volumetric 
size of the first O-ring groove 4920 is preferably selected to permit the O-ring 4930 
to expand at least qjproximately 20% in tiie axial direction during the radia^l 
expansion process. In this manner, deformation of tiie outer sur&ce 4955 of the 
second tubular member 4910 during and upon the conQ)letion of the radial 

15 expansion process is minimized. 

The secmd O-ring groove 4925 is prefmbly provided in the threaded portion 
of the interior wall 4950 of die second tubular member 4910 that is immediately 
adjacent to an end portion of the threaded connection 4915. In fliis manner, the 
sealing effect provided by the 0-rings, 4930 and 4935, is optimized. The second O- 

20 ring groove 4925 is preferably adapted to receive and support one more O-rings. 
The volumetric size of the second O-ring groove 4925 is preferably selected to 
permit the O-ring 4935 to expand at least approximately 20% in the axial direction 
during the radial expansion process. In this manner, deformation of the outer surface 
4955 of die second tubular member 4910 during and upon the completion of the 

25 radial e7q>ansion process is minimized. 

The O-rings, 4930 and 4935, are supported by the O-ring grooves, 4920 and 
4925. The use of a pair of O-rings, 4930 and 4935, that are axially separated 
qitimally ensures that a fluid-tight seal is maintained between the first tubular 
meniber 4905 and the second tubular member 4910 throughout and upon the 

30 completion of Ae radial expansion process. In particular, the use of a pair of O- 
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rings provides redundancy in the seal between the first tubular member 4905 and the 
second tubular member 4910. 

The expandable ttireaded connections 4300, 4500, 4700, and/or 4900 are used 
in combination with one or more of the embodunents illustrated in FIGS. 1-24E in 
order to optimally expand a plurality of tubular members coiq>led end to end using 
flie expandable flireaded connections 4300, 4500, 4700 and/or 4900. 

Refening to FIG. 31, the lubrication of the inter&ce between an expansion 
mandrel and a tubular member during the radial expansion process will now be 
described. As illustrated in FIG. 31, during the radial expansion process, an 
expansion cone 5000 radially expands a tubular member 5005 by moving in an axial 
direction 5010 relative to flie tubular member 5005. The interface between the outer 
surface 5010 of the tapered portion 5015 of the expansion cone 5000 and the inner 
surface 5020 of the tubular member 5005 includes a leading edge portion 5025 and a 
trailing edge portion 5030. 

During the radial expansion process, the leading edge portion 5025 is 
preferably lubricated by tiie presence of lubricating fluids provided ahead of &e 
expansion cone 5000. However, because the radial clearance between the expansion 
cone 5000 and the tubular member 5005 in the trailing edge portion 5030 during Ae 
radial expansion process is typically extremely small, and tiie operating cmtact 
pressures between the tubular membo: 5005 and ttie expansion mandrel 5000 are 
extremely high* the quantity of lubricating fluid provided to the trailing edge portion 
5030 is typically greatly reduced. In typical radial expansicm opmtions, this 
reduction in lubrication m die trailing edge portion 5030 increases the forces 
required to radially expand the tubular member 5005. 

Refming to FIG. 32, a system for lubricating the inter&ce betweoi an 
expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 32, an expansion cone 5100, having a front end 
5100a and a rear end 5100b, includes a tapered portion 5105 having an outer surface 
3110, one or more circumferential grooves 51 15a and 51 15b, and one more internal 
flow passages 5120a and 5120b. 
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The circumferential grooves SI IS are fluidicly coupled to the internal flow 
passages SI 20. in this manner, during the radial expansion process, lubricating 
fluids are transmitted from the area ahead of the front 5100a of the expansion cone 
5100 into the circumferential grooves 5115. Thus, the trailing edge portion of the 
5 interface between the expansion cone 5100 and a tubular member is provided with 
an increased supply of lubricant, thereby reducing the amount of force required to 
radially expand the tubular member. The lubricating fluids are injected into the 
internal flow passages 5120 using a fluid conduit that is coupled to the tapered end 
5105 of the expansion cone 5100. Altematively, lubricating fluids are provided for 

10 die internal flow passages 5120 using a supply of lubricating fluids provided 
adjacent to tfie front 5100a of the expansion cone 5100. 

The expansion cone 5 100 includes a plurality of circumferential grooves 5115. 
The cross sectional area of the circumferential grooves 5115 range from about 2X10' 
^ in^ to 5X10'^ in^ in order to optimally provide lubrication to the trailing edge 

15 portion of the interface between the expansion cone 5100 and a tubular member 
dmiiig die radial expansion process. The e}q)ansion cone 5100 includes 
drcumf^ential grooves 5115 concentrated about the axial midpoint of the tapered 
pCHtion 5105 in order to optimally provide lubrication to the trailing edge portion of 
the interface between the expansion cone 5100 and a tubular member during the 

20 radial expansion process. The circumferential grooves 5115 are eqiially spaced 
along the trailing edge portion of the expansion cone 5100 in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5100 and a tubular member during the radial expansion process. 
The expansion cone 5100 includes a plurality of flow passages 5120 coupled 

25 to each of the circumferential grooves 51 15. The cross-sectional area of the flow 
passages 5120 ranges from about 2X10^^ in^ to 5X10'^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5100 and a tubular member during the radial expansion process. 
The CTOss sectional area of the circumferential grooves 5 1 15 is greato: than the cross 

30 sectional area of the flow passage 5 120 in order to minimize resistance to fluid flow. 
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Referring to FIG. 33, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
desaibed. As illustrated in FIG. 33, an expansion cone 5200, having a front end 
S200a and a rear end S200b, includes a tapered portion S20S having an outer surface 
5 S210, one or more circumferential grooves S21Sa and S21Sb, and one or more axial 
grooves S220a and 5220b. 

The circumferential grooves 5215 are fluidicly coupled to the axial groves 
5220. In this manner, during die radial expansion process, lubricating fluids are 
transmitted from the area ahead of tfie front 5200a of die e^ansion cone 5200 into 

10 the circumferential grooves 5215. Thus, the trailing edge portion of the interface 
between the expansion cone 5200 and a tubular member is provided with an 
increased supply of lubricant, ther^y reducing the amount of force required to 
radially expand the tubular member. The axial grooves 5220 are provided with 
lubricating fluid using a supply of lubricating fluid positioned proximate the front 

15 end 5200a of the expansion cone 5200. The circumferential grooves 3215 are 
concentrated about the axial midpoint of the tapered portion 5205 of the expansion 
cone 5200 in order to optimally provide lubrication to the trailing edge portion of the 
inter&ce between the expansion cone 5200 and a tubular member during the radial 
expansion process. The circumferential grooves 5215 are equally spaced along the 

20 trailing edge portion of die expansion cone 5200 in ord&r to optimally provide 
lubrication to the trailmg edge portion of the inter&ce between die expansion cone 
5200 and a tubular member during the radial expansion process. 

The e3q)ansion cone 5200 mcludes a plurality of circumferential grooves 5215. 
The cross sectional area of the circumferential grooves 5215 range from about 2X10' 

25 ^ in^ to 5X10*^ in^ in order to optimally provide lubrication to the trailing edge 
pcMtion of the interface between the expansion cone 5200 and a tubular member 
during die radial expansion process. 

The expansion cone 5200 includes a plurality of axial grooves 5220 coupled to 
each of the circumferential grooves 5215. The cross sectional area of the axial 

30 grooves 5220 ranges from about 2X10^ in^ to 5X10'^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
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expansion cone 5200 and a tubular member during the radial expansion process. 
The cross sectional area of the circumferential grooves 52 IS is greater than the cross 
sectional area of the axial grooves 5220 in oider to minimize resistance to fluid 
flow. The axial groves 5220 are spaced apart in the circumferential direction by at 
5 least about 3 inches in order to optimally provide lubrication during the radial 
expansion process. 

Referring to FIG. 34, a system for lubricating the interface between an 
expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 34, an expansion cone 5300, having a front end 

10 5300a and a rear end 5300b, includes a tapered portion 5305 having an outer 
surface 5310» one or more circumferentia] grooves 5315a and 5315b, and one or 
more internal flow passages 5320a and 5320b. 

The drcumferential grooves 5315 are fluidicly coupled to the intmal flow 
passages 5320. In this manner, during the radial e^ansion process, lubricating 

15 fluids are transmitted from the areas in front of tiie front 5300a and/or behind the 
rear 5300b of the expansion cone 5300 into Ae circumferential grooves 53 15. Thus, 
the trailing edge portion of the interface between the expansion cone 5300 and a 
tubular member is provided with an increased supply of lubricant, thereby reducing 
the* amount of force required to radially expand the tubular member. FurthemiOTe, 

20 the lubricating fluids also preferably pass to the area in front of the expansion cone. 
In this manner, the area adjacent to the front 5300a of the expansion cone 5300 is 
cleaned of foreign materials. The lubricating fluids are injected into tiie internal 
flow passages 5320 by pressurizing the area behind the rear 5300b of the expansion 
cone 5300 during the radial expansion process. 

25 The expansion cone 5300 includes a plurality of circumferential grooves 5315. 

The cross sectional area of the circumferaitial grooves 5315 ranges from about 
2X10*^ in^ to 5X10*^ in^ respectively, in ordo* to optimally provide lubrication to the 
trailing edge portion of the intoface between the expansion cone 5300 and a tubular 
member during the radial expansion process. The expansion cone 5300 includes 

30 circumferential grooves 5315 that are concentrated about the axial midpoint of the 
b4)ered portion 5305 in order to optimally provide lubrication to the trailing edge 
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portion of the interface between the expansion cone 5300 and a tubular member 
during the radial expansion process. The circumferential grooves 5315 are equally 
spaced along the trailing edge portion of the expansion cone 5300 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
5 expansion cone 5300 and a tubular member during the radial expansion process. 

The expansion cone 5300 includes a plurality of flow passages 5320 coupled 
to each of the circumferential grooves 5315. The flow passages 5320 fluidicly 
couple (he front end 5300a and the rear end 5300b of the expansion cone 5300. The 
cross-sectional area of flie flow passages 5320 ranges from about 2X1 0"^ in^ to 

10 5X10'^ in^ in order to c^timally provide lubrication to the trailing edge portion of the 
interface between the expansion cone 5300 and a tubular member during the radial 
expansion process. The cross sectional area of the circumferential grooves 5315 is 
greater than the cross-sectional area of the flow passages 5320 in order to minimize 
resistance to fluid flow. 

15 Referring to FIG. 35, a system for lubricating the interface between an 

expansion cone and a tubular member during the expansion process will now be 
described. As illustrated in FIG. 35, an expansion cone 5400, having a front «id 
5400a and a rear end 5400b, includes a tapered portion 5405 having an outer 
surface 5410, one or more circumferential grooves 5415a and 5415b, and one or 

20 more axial grooves 5420a and 5420b. 

The circumferential grooves 5415 are fluidicly coupled to tiie axial grooves 
5420. In this manner, during tiie radial expansion process, lubricating fluids are 
transmitted from the areas in front of die front 5400a and/or behind the rear S400b 
of the expansion cone 5400 into the drcumferential grooves 5415. Thus, the trailing 

25 edge portion of die interface between the e]q>ansion cone 5400 and a tubular 
member is provided with an increased supply of lubricant, thereby reducing tfie 
amount of force required to radially expand the tubular member. Furthermore, 
pressurized lubricating fluids pass from the fluid passages 5420 to tiie area in front 
of the front 5400a of the expansion cone 5400. In this manner, the area adjacent to 

30 the front 5400a of the expansion cone 5400 is cleaned of foreign materials. The 
lubricating fluids are injected into the internal flow passages 5420 by pressurizing 
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the area behind the rear S400b expansion c(me 5400 during fhe radial expansion 
process. 

The expansion cone 5400 includes a plurality of circumferential grooves 5415. 
The cross sectional area of the circumferential grooves 5415 range from about 2X10" 
5 in^ to 5X10"^ in^ in order to optimally provide lubrication to the trailing edge 
portion of the interface between the expansion cone 5400 and a tubular member 
during the radial expansion process. The expansion cone 5400 includes 
circumferential grooves 5415 that are concentrated about die axial midpoint of the 
tapered portion 5405 in order to optimally provide lubrication to the trailing edge 

10 portion of die interface between the expansion cone 5400 and a tubular memb^ 
during the radial expansion process. The circumferential grooves 5415 are equally 
spaced along the trailing edge porticm of the expansion cone 5400 in order to 
optimally provide lubrication to the trailing edge portion of the inter&ce between the 
expansion cone 5400 and a tubular member during the radial eiq^ansion jxocess. 

1 5 The expansion cone 5400 includes a plurality of axial grooves 5420 coupled to 

each of the circumferential grooves 5415. The axial grooves 5420 fluidicly coiq>le 
the front end and tiie rear end of the expansion cone 5400. The cross sectional area 
of the axial grooves 5420 range from about 2X10"^ in^ to 5X10'^ in^, respectively, in 
order to optimally provide lubrication to the trailmg edge portion of the interface 

20 between the expansion cone 5400 and a tubular member during the radial expansion 
process. The cross sectional area of the circumferential grooves 54 15 is greater than 
the cross sectional area of the axial grooves 5420 in order to minimize resistance to 
fluid flow. The axial grooves 5420 are spaced apart in the circumferential direction 
by at least about 3 inches in order to optimally provide lubrication during the radial 

25 expansion process. 

Referring to FIG. 36, a system for lubricating the interface between an 
expansion cone and a tubular member during tiie expansion process will now be 
described. As illustrated in FIG. 36, an expansion cone 5500, having a front end 
5500a and a rear end 5500b, includes a tapered portion 5505 having an outer 

30 surface 5510, one or more circumferential grooves 5515a and 5515b, and one or 
more axial grooves 5520a and 5520b. 
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The circumferential grooves 5515 are fluidicly coupled to the axial grooves 
5520. In this manner, during the radial expansion process^ lubricating fluids are 
transmitted from fhe area ahead of the front 5500a of the expansion cone 5500 into 
the circumferential grooves 5515. Thus, the trailing edge portion of the interface 
between the npansion cone 5500 and a tubular member is provided with an 
increased supply of lubricant, thereby reducing the amount of force required to 
radially expand the tubular member. The lubricating fluids are injected into flie 
axial grooves 5520 using a fluid conduit Oat is coupled to the tarred end 3205 of 
the expansion cone 3200. 

The expansion cone 5500 includes a plurality of circumferential grooves 5515. 
The cross sectional area of die circumferential grooves 5515 ranges from about 
2X10"* in^ to 5X10"^ in^ in order to optimally provide lubrication to the trailing edge 
portion of tiie interface between the expansion cone 5500 and a tubular member 
during the radial expansion process. The expansion cone 5500 includes 
circumf«OTtial grooves 5515 that are concentrated about flie axial midpoint of the 
t^>ered portion 5505 in order to optimally provide lubrication to the trailing edge 
portion of the interface between the expansion cone 5500 and a tubular member 
during the radial expansion process. The circumferential grooves 5515 are equally 
spaced along the trailing edge portion of the expansion cone 5500 in ordac to 
optimally provide lubrication to the trailing edge portion of the interface between die 
expansion cone 5500 and a tubular member during the radial expansion process. 

The expansion cone 5500 includes a plurality of axial grooves 5520 coupled to 
each of the circumferential grooves 5515, The axial grooves 5520 intersect each of 
tiie circumferential groves 5515 at an acute ang^e. The cross sectional area of the 
axial grooves 5520 ranges from about 2X10^ to 5X10"* in* in order to optimally 
provide lubrication to the trailing edge porticm of the interface between the 
expansion cone 5500 and a tubular member during the radial expansion process. 
The CTOSS sectional area of the circumferential grooves 5515 is greater than the cross 
sectional area of the axial grooves 5520. The axial grooves 5520 are spaced apart in 
the circumferential direction by at least about 3 inches in order to optimally provide 
lubrication during the radial expansion process. The axial grooves 5520 intersect 
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the longitudinal axis of die expansion cone SSOO at a larger angle than the angle of 
attack of the tapered portion 5505 in order to optimally provide lubrication during 
the radial expansion process. 

Referring to FIG. 37, a system for lubricating the inter&ce between an 
5 expansion cone and a tubular member during the expansion process will now be 
described As illustrated in FIG. 37, an expansion cone 5600, having a fixmt end 
5600a and a rear end 5600b, includes a tapered portion 5605 having an outer 
surface 5610, a spiral circumferential groove 5615, and one or more internal flow 
passages 5620. 

10 The circumferential groove 5615 is fluidicly coupled to the internal flow 

passage 5620. In this manner, during the radial expansion process, lubricating fluids 
are transmitted from die area ahead of the front 5600a of the expansion cone 5600 
into the circumferential groove 5615. Thus, the trailing edge portion of the inter&ce 
between the expansion cone 5600 and a tubular meniber is provided with an 

15 ino-eased supply of lubricant, fliereby reducing the amount of force required to 
radially expand the tubular memba*. The lubricating fluids are injected into fhe 
internal flow passage 5620 using a fluid conduit that is coiq>led to the tapered end 
5605 of the e>q>ansion cone 5600. 

The expansion cone 5600 includes a plurality of spiral circumferential grooves 

20 5615. The cross sectional area of tfie circimiferentia] groove 5615 rang^ from 
about 2X10"^ in^ to 5X10'^ in^ in order to optimally provide lubrication to the trailing 
edge portion of the interface between the expansion cone 5600 and a tubular 
member during the radial expansion process. The expansion cone 5600 includes 
circumferential grooves 5615 that are concentrated about the axial midpoint of flie 

25 tapered portion 5605 in order to optimally provide lubrication to the trailing edge 
portion of the interface between flie expansion cone 5600 and a tubular member 
during the radial expansion process. The circumferential grooves 5615 are equally 
spaced along the trailing edge portion of the expansion cone 5600 in order to 
optimally provide lubrication to the trailing edge porticm of the interface between flie 

30 expansion cone 5600 and a tubular member dxiring die radial expansion process. 
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The expansion cone 5600 includes a plurality of flow passages 5620 coupled 
to each of the circumferential grooves 5615. The cross-sectional area of the flow 
passages 5620 ranges from about 2X10*^ in^ to 5X10*^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the inter£ace between flie 
5 expansion cone 5600 and a tubular member during the radial expansion process. 
The cross sectional area of tiie circumfi^imtial groove 5615 is greater than the cross 
sectional area of the flow passage 5620 in order to minimize resistance to fluid flow. 

Referring to FIG. 38, a system for lubricating the interface between an 
expansion cone and a tubidar member during the expansion process will now be 
10 described As illustrated in FIG. 38» an expansion cone 5700, having a front end 
5700a and a rear end 5700b, includes a tape^od portion 5705 having an outer surface 
5710, a ^iral circumferentia} groove 5715, and one or more axial grooves 5720a, 
5720b and 5720c. 

The circumferential groove 5715 is fluidicly coupled to the axial grooves 

15 5720. In this manner, during the radial expansion process, lubricating fluids are 
transmitted from the area ahead of the front 5700a of the expansion cone 5700 into 
the circumferential groove 5715. Thus, the trailing edge portion of the interface 
between the expansion cone 5700 and a tubular member is provided with an 
increased supply of lubricant, Aereby reducing the amount of force required to 

20 radially expand the tubular member. The lubricating fluids are injected into the 
axial grooves 5720 using a fluid conduit ttiat is coupled to the tapered end 5705 of 
the expansion cone 5700. 

Hie expansion cone 5700 includes a plurality of ^iral circumferentia] grooves 
5715. The cross sectional area of flie circumferential grooves 5715 range fix>m 

25 about 2X1 0'^ in^ to 5X1 0*^ in^ in order to optimally provide lubrication to the trailing 
edgp portion of the inter&ce between tfie expansion cone 5700 and a tubular 
member during flie radial expansion process. The expansion cone 5700 includes 
circumferential grooves 5715 concentrated about flie axial midpoint of the tapered 
portion 5705 in order to optimally provide lubrication to the trailing edge portion of 

30 Ae interface between the expansion cone 5700 and a tubular member during the 
radial expansion process. The circumferential grooves 5715 are equally spaced 
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along tiie trailing edge portion of the expansion cone 5700 in order to optimally 
provide lubrication to the trailing edge portion of flie inteiftce between the 
e^qiansion cone 5700 and a tubular member during the radial expansion process. 
The expansion cone 5700 includes a plurality of axial grooves 5720 coupled to 
5 each of the circumfe^tial grooves 5715. The cross sectional area of the axial 
grooves 5720 range from about 2X10"' in^ to 5X10"^ in^ in order to optimally 
provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5700 and a tubular member during the radial expansion process. 
The axial grooves 5720 intersect fte circumferential grooves 5715 in a 
10 perpendicular manner. The ctoss sectional area of the dicunjferential groove 5715 
is greater flian flie cross sectional area of tfie axial grooves 5720 in orda to 
. minimize resistance to fluid flow. The circumfemtia! spacing of the axial grooves 
is greater than about 3 inches in order to optimally iMt)vide lulnication during the 
radial expansion process. The axial grooves 5720 intersect flie longitudmal axis of 
15 flie oqiansion cone at an angle greater Ifaan the angle of attack of the tapoed portion 
5705 in order to optimally provide lubricati<»i during the radial e}q)ansion process. 

Refming to FIG. 39, a system for lubricating the inter&oe between an 
expansion cone and a tubular member during die expansion process will now be 
described. As illustrated in FIG. 39, an expansion cone 5800, having a front end 
5800a and a rear md 5800b, inchides a tapered portion 5805 having an outer surface 
5810, a circumferential groove 5815, a first axial groove 5820, and one or more 
second axial grooves 5825a, 5825b, 5825c and 5825d. 

The circumferential groove 5815 is fluidicly coi^led to the axial grooves 5820 
and 5825. In this manner, during die radial expansion process, lubricating fluids are 
preferably transmitted from the area behind the back 5800b of the expansion cone 
5800 into the circumferential groove 5815. Thus, flie trailing edge portion of the 
interfece between the expansion cone 5800 and a tubular member is provided wifli 
an increased supply of lubricant, tbereby reducing the amount of force required to 
ladially expand the tubular member. The lubricating fluids are injected into the first 
axial groove 5820 by pressurizing the region behind the back 5800b of the 
expansion cone 5800. The lubricant is fiirtha- transmitted into the second axial 



grooves 5825 where the lubricant preferably cleans foreign materials from the 
tapered portion 5805 of the expansion cone 5800, 

The expansion cone 5800 incliides a plurality of circumferential grooves 5815. 
The cross sectional area of fte circumferential groove 5815 ranges from about 2X10" 

5 * in^ to 5X10"^ in^ in order to optimally provide lubrication to the trailing edge 
portion of the interface between Ac expansion cone 5800 and a tubular member 
during the radial expansion process. The expansion cone 5800 includes 
circumferential grooves 5815 concentrated about tfie axial midpoint of the tapered 
portion 5805 in order to optimally provide lubrication to the trailing edge portion of 

10 the interface between &e expansion cone 5800 and a tubular member during the 
radial expansion process. The circumferential grooves 5815 are equally spaced 
along the trailing edge portion of the expansion cone 5800 in order to optimally 
provide lubrication to the trailing edge portion of the intcrfece between the 
expansion cone 5800 and a tubular member during tfie radial expansion process. 

15 The expansion cone 5800 includes a plurality of first axial grooves 5820 

coupled to each of the circumferential grooves 5815. The first axial grooves 5820 
extend from the back 5800b of the expansion cone 5800 and intersect the 
circumferential groove 5815. The cross sectional area of ttie first axial groove 5820 
ranges fix>m about 2X10"* in^ to 5X10'^ in^ in order to optimally provide lubrication 

20 to the trailing edge portion of the interface between the expansion cone 5800 and a 
tubular member during the radial expansion process. The first axial groove 5820 
intersects the circumfermtial groove 5815 in a perpendicular manner. The cross 
sectional area of the drcumferential groove 5815 is greater tiian the cross sectional 
area of the first axial groove 5820 in order to minimize resistance to fluid flow. The 

25 circumferential spacing of the first axial grooves 5820 is greater than about 3 inches 
in order to optinnally provide lubrication during tiie radial expansion process. 

The expansion cone 5800 includes a plurality of second axial grooves 5825 
coupled to each of tiie circumferential grooves 5815. The second axial grooves 
5825 extend from the front 5800a of the expansion cone 5800 and intersect ttie 

30 circumferential groove 5815. The cross sectional area of the second axial grooves 
5825 ranges from about 2X10^ in^ to 5X10'^ in^ in order to optimally provide 
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lubrication to the trailing edge portion of the interface between the expansion cone 
5800 and a tubular member during the radial expansion process. The second axial 
grooves 5825 intersect the circumferaitial groove 5815 in a perpendicular manner. 
The cross secticmal area of the circumferential groove 5815 is greater than the ctoss 
sectiaial area of Ae second axial grooves 5825 in order to minimize resistance to 
fluid flow. The circumferential spacing of the second axial grooves 5825 is greater 
than about 3 inches in order to optimally provide lubrication during the radial 
expansion process. The second axial grooves 5825 intersect the longitudinal axis of 
the expansion cone 5800 at an angle greater than the angle of attadc of the tapered 
portion 5805 in order to optimally provide lubrication during the radial eiqansion 
process. 

Referring to Fig. 40, The first axial groove 5820 inchides a first portion 5905 
having a first radius of curvature 5910, a second portion 5915 having a second 
radius of curvature 5920, and a third portion 5925 having a third radius of curvature 
5930. The radius of curvatures, 5910, 5920 and 5930 are substantially equal. The 
radius of curvatures, 5910, 5920 and 5930 are all substantially equal to 0.0625 
inches. 

Referring to Fig. 41, The circumfermtial groove 5815 includes a first portion 
6005 having a first radius of curvature 6010, a second portion 6015 having a second 
radius of curvatiire 6020, and a third portion 6025 having a third radius of curvature 
6030. The radius of curvatures, 6010, 6020 and 6030 are substantially equal. The 
radius of curvatures, 6010, 6020 and 6030 are aU substantiaUy equal to 0.125 inches. 

Referring to Fig. 42, The second axial groove 5825 includes a first portion 
6105 having a first radius of curvature 61 10, a second portion 61 15 having a second 
radius of curvature 6120, and a third portion 6125 having a third radius of curvatiire 
6130. The first radius of curvature 61 10 is greater than tiie third radius of curvatiire 
6130. The first radius of curvature 61 10 is equal to 0.5 inches, the second radius of 
curvature 6120 is equal to 0.0625 inches, and tiie tirird radius of curvatiire 6130 is 
equal to 0.125 inches. 

Reforing to Fig. 43, an expansion mandrel 6200 includes an int^al flow 
passage 6205 having an insert 6210 includmg a flow passage 6215. The cross 
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sectional area of the flow passage 6215 is less than fte cross sectional area of the 
flow passage 6215. More generally, A plurality of inserts 6210 are provided, each 
with different sizes of flow passages 6215. In this manner, the flow passage 6215 is 
madiined to a standard size, and the lubricant supply is varied by using different 

5 sized inserts 6210. The teachings of the expansion mandrel 6200 are incoqx>rat6d 
into Ac expansion mandrels 5100, 5300, and 5600. 

Referring to Fig. 44, The insert 6210 includes a filter 6305 for filtering 
particles and oth^ foreign materials fi'om the lubricant tfiat passes into the flow 
passage 6205. In this manner, die foreign materials are prevented fiom clogging the 

1 0 flow passage 6205 and other flow passages within the expansion mandrel 6200. 

The one or more of the lubrication systems and elements of the mandrels 5100, 
5200, 5300, 5400, 5500, 5600, 5700, 5800 and/or 5900 are incorporated into the 
mettiods and apparatus for expanding tubular members described above witfi 
reference to FIGS. 1-30. In this manner, the amount of force required to radially 

15 expand a tubular member in the formation and/or repair of a wellbore casing, 
pipeline, or structural support is significantly reduced. Furthermore, the increased 
lubrication provided to the trail edge portion of the mandrel greatly reduces the 
amount of galling or seizure caused by the interface between the nKindrel and the 
tubular meixiber during the radial expansion process thereby permitting larger 

20 continuous sections of tubulars to be radially expanded in a single continuous 
operation. Thus, use of the mandrels 5100, 5200, 5300, 5400, 5500, 5600, 5700, 
5800 and/or 5900 reduces the operating pressures required for radial expansion and 
tfiereby reduces the sizes of the required hydraulic punq>s and related equipment In 
addition, fiiilure, bursting, and/or buckling of tubular members during the radial 

25 expansion process is significantly reduced, and tiie success ratio of Ae radial 
expansion process is greatly increased. 

In laboratory tests, a regular expansion cone, vdtfaout any lubrication grooves 
and flow passages, and the e^qiansion cone 5100 were both used to radially expand 
identical coiled tubular members, each having an outdde diameter of 3 Vz inches. 

30 ITie following tables summarizes the results of this laboratory test: 
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LUBRICATING FLUID 


REGULAR 
EXPANSION CONE 


EXPANSION CONE 5100 




FORCE REQUIRED TO EXPAND TUBULAR 
MEMBER 


PHPA Mud alone 


78,000 Ibf 


72.000 Ibf 


PHPAMud + 7% 
Lubricant Blend 


48.000 Ibf 


46,000 Ibf 


100% Lubricant Blend 


68,000 Ibf 


48,000 Ibf 



PHPA Mud refers to a drilling mud mixture available from Baroid. 



PHPA Mud + 7 % Lubricant Blend refers to a mixture of 93% 
5 PHPA Mud and 7% mixture of TotqTrim m, EP Mudlib, and 

DrillN-SIid available from Baroid. 

100% Lubricant Blend refers to a mixture of TorqTrim III, EP 
Mudlib, and DrillN-Slid available from Baroid. 

10 

Thus, Ae use of the expansion cone 5100 reduced the amount offeree required 
to radially expand a tubular member by as much as 30%. This reduction in the 
required force translates to a corresponding reduction m the overall energy 
requirements as well as a reduction in the sizse of required operating equipment such 

15 as, for example, hydraulic pumping equipment During fbe course of a typical 
eiqjansion operation, this results in tremendous cost savings to the opeiatw. 

The lubricating fluids used with the mandrels 5100, 5200, 5300, 5400, 5500, 
5600, 5700, 5800 and 5900 for expanding tubular members have viscosities ranging 
from about 1 to 10,000 centipoise in order to optimize the injection of the 

20 lubricating fluids into the circumferential grooves of the mandrels during Ihe radial 
expansion process. 

Prior to placement in a wellbore, the outer sur&ces of the apparatus for 
expanding tubular members described above with reference to FIGS. 1-30 are coated 



with a lubricating fluid to facilitate their placement Hic wellbore and reduce surge 
pressures. The lubricating fluid comprises BARO-LUB GOLD-SEAL™ brand 
drilling mud lubricant, available from Baroid Drilling Fluids, Inc. In this manner, 
the insertion of Ae apparatus into a wellbore, pipeline or other opening is optimized. 
5 Referring to FIG. 45, an expandable tubular 6400 for use in forming and/or 

repairing a wellbore casing, pipeline, or foundation support will now be described. 
The expandable tubular 6400 includes a wall thickness T. 

The wall thickness T is substantially constant diroug^out the expandable 
tubular 6400. The variation in the wall ttiidmess T about Ae circumference of flje 
10 tubular membor 6400 is less than about 8 % in order to optimally provide an 
expandable tubular 6400 having a substantially constant hoop yield strength. 

The material conqjosition of and the manufacturing processes used in forming 
flie expandable tubular 6400 are selected to {sovide a hoop yield str»gth that varies 
less than about 10 % about the cbxnimfnence of Ae tubular member 6400 in order 
15 to optimally provide consistent geometries in the ejq»andable tubular 6400 after 
radial expansion. 

The expandable tubular 6400 includes structural inq)erfections such as, for 
exanq>le, voids, foreign material, cracks, of less than about 5 % of the specified wall 
tiiidmess T in order to optimize the radial expansion of the expandable tubular 
20 member 6400. Each expandable tubular 6400 is tested for the presence of such 
defects using nondestructive testing methods in accordance with industry standard 
APISR2. 

A rqHesentative savaple of a selected group of tubular msaibefs 6400 are 
flared at one end using a conventional industry standard tubular flaring method, such 

25 as, for exair?>le file mefliod disclosed mASTMA450. As illustrated in Fig. 46, The 
walls of flie flared end of the tubular member 6400 do not exhibit any necking for 
increases m the interior diameter of the flared end 6405 of the tubular member 6400 
ranging from 0 to about 25%. As illustrated in Fig. 47, The flared end of tiie tubular 
member 6400 does not fail for increases in the interior diameter of ttie flared end of 

30 tiie tubular members 6400 ranging from 0 to at least about 30%. In this mannor, a 



selected group of tubular membera 6400 are optimally selected for both neddng and 
ductility properties subsequent to radial expansion. 

Aldiough illustrative enibodiments of the invention have been shown and 
desoibed, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be en^jloyed wifliout a corresponding use of the other features. Accordingly, it 
is appropriate that the appended claims be construed broadly and in a manner 
consistent with the scope of the invoition. 
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CONVERSION TO METRIC UNITS 

1 .05 to 48 inches and 1/8 to 2 inches to 1 .05 to 48 inches and 1/8 to 2 indies (2.667 

to 121.92 and .3175 to 5.08 centimetres) j 

5 

3.5 to 16 indies and 3/8 to 1.5 mches to 3.5 to 16 inches and 3/8 to 1.5 indies (8.89 
to 40.64 centimetres and .9525 to 3.81) 

2.5 to 50 inches to 2.5 to 50 inches (6.35 to 127 centimetres) ! 
10 i 
3.5 to 19 inches and 1/8 to 1.25 to 3.5 to 19 mches and 1/8 to 1.25 (8.89 to 48.26 and 
.3 1 75 to 3. 1 75 centimetres) j 

40 to 20,000 feet to 40 to 20.000 feet (12.192 to 6096.00 meters) 

15 

0 to 500 gallons/minute and 0 to 1,000 psi to 0 to 500 gallons/minute and 0 to 1,000 
psi (0 to 1 892.705 litres and 0 to 68.95 bar) 

1,000 to 1,000,000 Ibf to 1,000 to 1,000 000 Ibf (.478803 to 478.803 bar) 

20 

40.000 to 135,000 psi to 40,000 to 135,000 psi (2757.90 to 9307.92 bar) 
1.125 to 3 inches to 1.125 to 3 inches (2.857 to 7.62 centimetres) 
25 0.25 to 0.75 to 0.25 to 0.75 (0.635 to 1 .905 centimetres) 

1,200 to 8,500 psi to 1 ,200 to 8,500 psi (82.737 to 586.054 bar) 

40to 1250gall(His/minuteto40to 1250 gallons/minute (151.416 to 4,73 1.765 litres) 

30 

0 to 5 ft/sec. to 0 to 5 fl/sec. (0 to 1.524 meters) 

0.75 to 47 indies and 1.05 to 48 inches to 0.75 to 47 inches and 1.05 to 48 inches 
(1.905 to 1 19.38 and 2.667 to 121.92 centimetres) 

35 

3 to 15.5 indies and 3.5 to 16 indies to 3 to 15.5 indies and 3.5 to 16 inches (7.62 to 
39.37 and 8.89 to 40.64 centimetres) 

240 to 480 indies to 240 to 480 inches (609.6 to 1219.2 craitim^res) 

40 

0.1 to 0.5 inches to 0.1 to 0.5 inches (254 to .127 centinwtres) 
0.025 to 0.375 inches to 0.025 to 0.375 inches (.0635 to .9525 centimetres) 
45 0.025 to 0.125 inches to 0.025 to 0.125 mches (.0635 to .3175 ooitimetres) 
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100 to 1,000 psi to 100 to 1,000 psi (6.8947 to 68.947 bar) 

2 to 34 inches to 2 to 34 inches (5.08 to 86.36 centimetres) 

0 to 4,500 psi and 0 to 4,500 gallons/minute to 0 to 4,500 psi, and 0 to 4,500 gallons 
minute (0 to 310.264 bar, and 0 to 17034.35 litres) 

0 to 3,500 psi, and 0 to 1,200 gallons/minute to 0 to 3,500 psi, and 0 to 1,200 
gallons/minute (0 to 241.316 bar and 0 to 4542.49 litt€s) 

0 to 4,500 psi, and 0 to 3,000 gallons/minute to 0 to 4,500 psi, and 0 to 3 000 
gallons/minute (0 to 3 10.264 bar, and 0 to 1 1356.24 litres) 

0 to 9,000 psi and 0 to 3,000 gallons/minute to 0 to 9,000 psi and 0 to 3.000 (0 to 
15 620.528 bar and 0 to 1 1356.24 litres) 

3 to 28 inches to 3 to 28 inches (7.62 to 7 1 . 12 centimetres) 

0.0025 to 0.05 inches to 0.0025 to 0.05 inches (.00635 to .127 centimetres) 

0 to 10,000 psi and 0 to 3,000 gallons/minute to 0 to 10,000 psi and 0 to 3 000 
gallons^minute (0 to 689.476 bar and 0 to 1 1 ,356.24 litres) 

0 to 12,000 psi and 0 to 3,500 gallons/minute to 0 to 12,000 psi and 0 to 3 500 
gallons/minute (0 to 827.38 bar and 0 to 13,248.94 litres) 

1,000 to 9,000 psi to 1.000 to 9,000 psi (68.95 to 620.53 bar) 

78000 Ibf to 78000 Ibf (37.347 bar) 

48000 Ibf to 48000 Ibf (22.983 bar) 

68000 Ibf to 68000 Ibf (32.559 bar) 

72000 Ibf to 72000 Ibf (34.474 bar) 

46000 Ibf to 46000 Ibf (22.025 bar) 

0 to 5,000 psi and 0 to 1,500 gallons/minute to 0 to 5,000 psi and 0 to UOO (0 to 
344.738 bar and 0 to 5618.12 Utres) 

400 to 10,000 psi and 30 to 4,000 gallons/min to 400 to 10,000 psi and 30 to 4 000 
gallons/min (27.58 to 689.476 bar and 1 13.56 to 15141.68 litres) 

500 to 9,000 psi and 40 to 3,000 gaUons/min to 500 to 9.000 psi and 40 to 3 000 
gallons/min (34.47 to 620.53 bar and 151.42 to 1 1356.24 hires) 



500 to 10,000 psi to 500 to 10,000 psi (34.47 to 689.48 bar) 
50 to 2000 psi to 50 to 2000 psi (3.447 to 13.795 bar) 

0.625 to 0.75 inches and 3 to 19 indies to 0.625 to 0.75 inches and 3 to 19 indies 
(1.5875 to 1.905 and 7.62 to 48.26 centimetres) 

3/8 to 1.5 indies and 3.5 to 16 indies to 3/8 to 1.5 inches and 3.5 to 16 inches (.9525 
to 3.81 and 8.89 to 40.64 centimetres) 



THE FOLLOWING ARE REGISTERED TRADE MARKS 

Teflon; and 

Liibriplate 
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CLAIMS 

1 . An apparatus comprising a tubular member, tiie tubular member comprising: 
an annular member, including: 

a wall thickness Aat varies less fhan 8 %; 
a hoop yield strength that varies less than 1 0 %; 
imperfections of less than 8 % of the wall thickness; 
no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular member for radial expansions of up to 

25%. 

2. An apparatus comprising a wellbore casing, tfie wcllbore casing coiqirising: 
one or more tubular members, each tubular member including: 

an annular member, including: 

a wall thickness that varies less tfian 8 %; 

a hoop yield strength that varies less than 10 %; 

imperfections of less than 8 % of the wall thickness; 

no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular mernb^ for radial e>^ansions of up to 

25%. 

3. A method of forming a wellbore casing, conqjrising: 

placing a tubular member and an expansion device in a wellbore; and 

displacing the expansion device relative to the tubular memben 

wherein the tubular member includes: 

an annular member, including: 

a wall thickness that varies less tfian 8 %; 

a hoop yield strength that varies less than 1 0 %; 

imperfections of less than 8 % of the wall thickness; 

no failure for radial e3q)ansions of up to 30 %; and 

no necking of flie walls of the annular member for radial expansions of up to 

242 



25%. 

4. The apparatus of claim 1 , further comprising a borehole, the tubular member 
being within the borehole. 

5. The apparatus of claim 4, further comprising a system to radially expand and 
plastically deform die tubular member. 

6. The apparatus ofclaim 5, wherein the system conpriscs an expansion cone. 

7. The apparatus of claim 6, furthw comprising an interface between the 
expansion cone and the tubular member and a lubricant at the interface, 

8. The apparatus of claim 4, further comprising a lubricant in the borehole. 

9. The apparatus of claim 1 , wherein the tubular memb^ comprises a wellbore 
casing. 

1 0. The apparatus of claim 1 , wherein the tubular member comprises a pipeline. 

1 1 . The apparatus of claim 1 , wherein the tubular member comprises a structural 
support 

12. The ^aratus of claim 6, wherein the expansion cone has a first tapered end 
and a second end. 

13. The apparatus of claim 12, further comprising an interfece between the 
tubular membCT and the expansion cone and a lubricant at the interface. 

14. The apparatus of claim 2, furttier con^rising a borehole, the wellbore casing 
being within die borehole. 
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15, The apparatus of claim 14, further con^sing a system to radially expand 
and plastically deform the wellbore casing. 

5 16. The apparatus of claim 1 5, the system comprising an expansion cone. 

17. The apparatus of claim 16, further comprising an interface between the 
expansion cone and the wellbore casing and a lubricant at the interface. 

10 18. The apparatus of claim 14, further con^wising a lubricating fluid in the 
wellbore. 

19. The apparatus of claim 16, wherein the expansion cone has a first tap^ end 
and a second end. 

15 

20. The apparatus of claim 19, further comprising an interface between the 
wellbore casing and the expansion cone and a lubricant at the interface. 

2 1 . The mefliod of claim 3, wherein the tubular member is radially expanded and 
20 plastically deformed. 

22. The method of claim 21, wherein the tubular member is radially expanded 
and plastically deformed with the expansion device. 

25 23. The method of claim 22, wherein an interface between the expansion device 
and the wellbore casing is lubricated. 

24. The method of claim 3, wherein the tubular member is placed in the wellbore 
by injecting a lubricating fluid into the wellbore, and then inserting the tubular 
30 member into the wellbore. 
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25. The method of claim 3, wherein fte tubular member is radially expanded by 
positioning the expansion device at least partially within the tubular member; and 
pressurizing a region below the expansion device, to force the expansion device 
through the tubular member. 

26. The method of claim 25, fiirther comprising lubricating the interfece between 
die tubular memba and the expansion device. 
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